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Description

TECHNICAL FIELD

[0001] The presentinvention is directed to the area of
intravascular ultrasound imaging systems and methods
of making and using the systems. The present invention
is also directed to intravascular ultrasound systems that
include imaging cores distally positioned within cathe-
ters, the imaging cores including rotational motors, as
well as methods of making and using the imaging cores,
motors, and intravascular ultrasound systems.

BACKGROUND

[0002] Intravascular ultrasound ("IVUS") imaging sys-
tems have proven diagnostic capabilities for a variety of
diseases and disorders. For example, IVUS imaging sys-
tems have been used as an imaging modality for diag-
nosing 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 atherom-
atous plaque build-up at particular locations within blood
vessels. IVUS imaging systems can be used to determine
the existence 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., abeating heart) or obstruction by one or more struc-
tures (e.g., one or more blood vessels not desired to be
imaged). IVUS imaging systems can be used to monitor
or assess ongoing intravascular treatments, such as an-
giography 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 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 disposed in the catheter. The transducer-
containing catheter can be positioned in alumen 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 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 elec-
tric pulses. The transformed electric pulses are delivered
to the image processor and converted to an image dis-
playable on the monitor.

[0004] JP 7289550 A discloses an ultrasonic diagnos-
tic system with an ultrasonic vibrator and an acoustic
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mirror. The ultrasonic vibrator and the acoustic mirror are
being provided so as to being integrally rotatable in a
catheter assembly and can be directly driven by a rotary
shaft of a motor without using a torque cable.

BRIEF SUMMARY

[0005] Inone embodiment, a catheter assembly for an
intravascular ultrasound system includes a catheter, an
imaging core, at least one catheter conductor, and at
least one motor conductor. The catheter has a longitudi-
nal length, a distal end, and a proximal end. The catheter
includes a lumen extending along the longitudinal length
of the catheter from the proximal end to the distal end.
The imaging core has a longitudinal length that is sub-
stantially less than the longitudinal length of the catheter.
The imaging core is configured and arranged for inserting
into the lumen to the distal end of the catheter. The im-
aging core includes a rotatable driveshaft, at least one
transducer, a transformer, at least one imaging core, and
a motor. The rotatable driveshaft has a distal end and a
proximal end. The at least one transducer is mounted to
the distal end of the driveshaft and is configured and ar-
ranged for transforming applied electrical signals to
acoustic signals and also for transforming received echo
signals to electrical signals. The transformer is disposed
at the proximal end of the driveshaft. The at least one
imaging core conductor couples the at least one trans-
ducer to the transformer. The motor is coupled to the
driveshaft between the one or more transducers and the
transformer. The motor includes a rotatable magnet and
at least two magnetic field windings disposed around at
least a portion of the magnet. The magnet has a longitu-
dinal axis and an aperture defined along the longitudinal
axis of the magnet. The at least one catheter conductor
is electrically coupled to the transformer and extends to
the proximal end of the catheter. The at least one motor
conductor is electrically coupled to the magnetic field
windings and extends to the proximal end of the catheter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] 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.

[0007] 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



3 EP 2 413 804 B1 4

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. 4 is a schematic longitudinal cross-sectional
view of one embodiment of a distal end of a catheter,
the distal end of the catheter including an imaging
core with a motor, a transformer, and one or more
rotating transducers, according to the invention;

FIG. 5 is a schematic perspective view of one em-
bodiment of a rotating magnet and associated wind-
ings, according to the invention;

FIG. 6 is a schematic top view of one embodiment
of windings disposed on a thin film, according to the
invention;

FIG. 7 is a schematic longitudinal cross-sectional
view of another embodiment of a distal end of a cath-
eter, the distal end of the catheter including an im-
aging core with a motor and drag-reducing elements
disposed on either end of the motor, according to
the invention;

FIG. 8 is a schematic longitudinal cross-sectional
view of yet another embodiment of a distal end of a
catheter, the distal end of the catheter including an
imaging core with a motor, one or more stationary
transducers, and a rotating mirror, which is not part
of the invention;

FIG. 9 is a schematic transverse cross-sectional
view of one embodiment of a transducer, which is
not part of the invention;

FIG. 10 is a schematic longitudinal cross-sectional
view of another embodiment of a distal end of a cath-
eter, the distal end of the catheter including an im-
aging core with a motor, one or more stationary trans-
ducers, and a rotating mirror, which is not part of the
invention;

FIG. 11 is a schematic longitudinal cross-sectional
view of yet another embodiment of a distal end of a
catheter, the distal end of the catheter including an
imaging core with a motor, one or more rotating
transducers, and a transformer, which is not part of
the invention;

FIG. 12 is a schematic perspective view of one em-
bodiment of a two-phase winding geometry config-
ured and arranged for forming a rotating magnetic
field around a motor, which is not part of the inven-
tion;

10

15

20

25

30

35

40

45

50

55

FIG. 13 is a schematic transverse cross-sectional
view of one embodiment of the two single-turn wind-
ings of FIG. 12 disposed around a motor, which is
not part of the invention; and

FIG. 14 is a schematic perspective view of one em-
bodiment of a three-phase winding geometry config-
ured and arranged for forming a rotating magnetic
field around a motor, which is not part of the inven-
tion.

DETAILED DESCRIPTION

[0008] The present invention is directed to the area of
intravascular ultrasound imaging systems and methods
of making and using the systems. The present invention
is also directed to intravascular ultrasound systems that
include imaging cores distally positioned within cathe-
ters, the imaging cores including rotational motors, as
well as methods of making and using the imaging cores,
motors, and intravascular ultrasound systems.

[0009] 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.

[0010] 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 drive unit 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
transducers (312 in Figure 3) disposed in the catheter
102. In at least some embodiments, mechanical energy
from a pullback motor disposed within the drive unit 110
may be used to provide translational movement of an
imaging core (306 in Figure 3) disposed in the catheter
102.

[0011] 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 process-
ing. In atleast some embodiments, 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 example, the processor 106 may be
used to control at least one of the frequency or duration
of the electrical pulses transmitted from the pulse gen-
erator 108, the rotation rate of the imaging core (306 in
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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.
[0012] Figure 2 is a schematic side view of one em-
bodiment of the catheter 102 of the IVUS imaging system
(100in 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 atleast 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.

[0013] Figure 3is 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 alumen 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.

[0014] 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.

[0015] 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.

[0016] 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.
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[0017] 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.

[0018] 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.

[0019] 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 an image of the walls of the blood vessel and tissue
surrounding the blood vessel.

[0020] Inatleastsome embodiments, theimaging 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 ormore 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.

[0021] 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
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some embodiments, the radial cross-sectionalimage can
be displayed on one or more displays (112 in Figure 1).
[0022] In at least some embodiments, the drive unit
(110 in Figure 1) is used to provide translational move-
ment to the imaging core 306 within the lumen of the
catheter 102 while the catheter 102 remains stationary.
For example, the imaging core 306 may be advanced
(moved towards the distal end of the catheter 102) or
retracted/pulled back (moved towards the proximal end
of the catheter 102) within the lumen 304 of the catheter
102 while the catheter 102 remains in a fixed location
within patient vasculature (e.g., blood vessels, the heart,
and the like). During longitudinal movement (e.g., pull-
back) of the imaging core 306, an imaging procedure
may be performed, wherein a plurality of cross-sectional
images are formed along a longitudinal length of patient
vasculature.

[0023] In atleast some embodiments, the pullback dis-
tance of the imaging core is atleast5 cm. In atleast some
embodiments, the pullback distance of the imaging core
is at least 10 cm. In at least some embodiments, the
pullback distance of the imaging core is at least 15 cm.
In at least some embodiments, the pullback distance of
the imaging core is at least 20 cm. In at least some em-
bodiments, the 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 5 MHz to 60 MHz.

[0025] In atleast some embodiments, the catheter 102
with one or more transducers 312 mounted to the distal
end 208 of the imaging core 306 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.

[0026] It is desirable to have uniform rotation of the
imaging core 306 during operation. When the catheter
102 is advanced through blood vessels of the patient,
the catheter 102 may navigate one or more tortuous re-
gions or one or more narrow regions which may press
against one or more portions of the catheter 102 and
cause a non-uniform rotation (e.g., a wobble, a vibration,
orthelike) of the imaging core 306 during operation. Non-
uniform rotation may lead to the distortion of a subse-
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quently-generated IVUS image. For example, the sub-
sequently-generated IVUS image may be blurred.
[0027] In conventional systems, a rotational motor is
disposed in a proximal portion of the catheter 302 or in
a unit to which the proximal portion of the catheter is
attached. Due to the distance between a proximally-po-
sitioned rotational motor and an imaging core and the
tortuous nature of the vasculature into which the distal
end of the catheter is positioned during operation, non-
uniform rotation can be difficult to prevent.

[0028] A motor disposed on the imaging core and po-
sitioned in a distal portion of the catheter is described.
The imaging core has a longitudinal length that is sub-
stantially less than a longitudinal length of the catheter.
The imaging core also includes one or more transducers.
In at least some embodiments, disposing the motor in
the imaging core may reduce, or even eliminate non-
uniform rotation caused by one or more off-axis forces
(e.g., blood vessel walls pressing against portions of the
catheter). In at least some embodiments, the motor in-
cludes a rotor formed from a permanent magnet. In at
least some embodiments, the catheter has a diameter
that is no greater than one millimeter.

[0029] It may be the case that the distal end of the
catheter 102 is disposed in patient vasculature without
having any information regarding the precise location or
orientation of the one or more transducers. In at least
some embodiments, a sensing device may be disposed
in the imaging core for sensing the location or orientation
of the one or more transducers. In at least some embod-
iments, the sensing device includes one or more mag-
netic sensors. In some embodiments, the sensing device
includes a plurality of magnetic sensors located external
to the patient. In other embodiments, one or more sen-
sors are positioned within the patient, and a plurality of
sensors are positioned external to the patient.

[0030] Additionally or alternatively, in at least some
embodiments, the sensing device measures the ampli-
tude or orientation of the rotating magnet magnetization
vector produced by the motor. In at least some embodi-
ments, data from the magnetic sensing device may be
input to a drive circuit to provide controlled and uniform
rotation of the imaging core (e.g., through a feedback
loop). In atleast some embodiments, data from the sens-
ing device may also be used to make corrections to data
collected during non-uniform rotation of the imaging core.
[0031] Figure 4 is a schematic longitudinal cross-sec-
tional view of one embodiment of a distal end of a catheter
402. The catheter 402 includes a sheath 404 and alumen
406. A rotatable imaging core 408 is disposed in the lu-
men 406 atthe distal end of the catheter 402. Theimaging
core 408 includes a rotatable driveshaft 410 with one or
more transducers 412 coupled to a distal end of the drive-
shaft 410 and a transformer 414 coupled to a proximal
end of the driveshaft 410. The imaging core 408 also
includes a motor 416 coupled to the driveshaft 410. One
or more imaging core conductors 418 electrically couple
the one or more transducers 412 to the transformer 414.
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In at least some embodiments, the one or more imaging
core conductors 418 extend within the driveshaft 410.
One or more catheter conductors 420 electrically couple
the transformer 414 to the control module (104 in Figure
1). In at least some embodiments, the one or more of the
catheter conductors 420 may extend along at least a por-
tion of the longitudinal length of the catheter 402 as
shielded electrical cables, such as a coaxial cable, or a
twisted pair cable, or the like.

[0032] When the catheter 402 employs one or more
rotatable transducers 412, the transformer 414 is typical-
ly used to electrically couple the stationary portions of
the system (e.g., the control module (104 in Figure 1))
with the rotating portions of the system (e.g., the one or
more transducers 412). In conventional systems employ-
ing a rotating transducer, the transformer is positioned
at a proximal end of a catheter (such as catheter hub 204
in Figure 2). Typically, the transformer 414 employs in-
ductive coupling between a rotating component and a
stationary component (e.g., a rotor and a stator, or a ro-
tating pancake coil and a stationary pancake coil, or the
like). Pulses of current from the control module (104 in
Figure 1) may be induced in the rotating component, via
the stationary component. The induced current may
transmit to the one or more transducers and may be
transformed to an acoustic signal and emitted as one or
more acoustic pulses. Echo pulses received by the one
or more transducers may be transformed to electrical sig-
nals and transmitted to the rotating component. A voltage
may be induced in the stationary component by the elec-
trical signal in the rotating component. In at least some
embodiments, the voltage may be input to the control
module (104 in Figure 1) for processing.

[0033] Thetransformer414 is disposed on theimaging
core 408. In atleast some embodiments, the transformer
414 includes a rotating component 422 coupled to the
driveshaft 410 and a stationary component 424 disposed
spaced apart from the rotating component 414. In some
embodiments, the stationary part 424 is proximal to, and
immediately adjacent to, the rotating component 422.
The rotating component 422 is electrically coupled to the
one or more transducers 412 via the one or more imaging
core conductors 418 disposed in the imaging core 408.
The stationary component 416 is electrically coupled to
the control module (104 in Figure 1) via one or more
conductors 420 disposed in the lumen 406. Current is
inductively passed between the rotating component 422
and the stationary component 424 (e.g., a rotor and a
stator, or arotating pancake coil and a stationary pancake
coil, or the like).

[0034] In atleast some embodiments, the transformer
414 is positioned at a proximal end of the imaging core
408. In atleast some embodiments, the components 422
and 424 of the transformer 414 are disposed in a ferrite
form. In at least some embodiments, the components
422 and 424 are smaller in size than components con-
ventionally positioned at the proximal end of the catheter.
Additionally, the diameter of the wire 418 used to form
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the components 422 and 424 may be smallerin size than
the diameter of wire used in conventional components.
In at least some embodiments, the diameter of wire 418
is no greater than 0.004 inches (0.010 cm). In at least
some embodiments, the diameter of the wire is no greater
than 0.003 inches (0.008 cm). In at least some embodi-
ments, the diameter of the wire is no greater than 0.002
inches (0.005 cm).

[0035] Additionally, the length of the wire 418 used to
couple the rotating component 422 to the one or more
transducers 412 may be less than for conventional com-
ponents because the component 422 is typically posi-
tioned in closer proximity to the one or more transducers
412 thanwith conventional systems. Thus, the resistance
of the wire 418 used to form the rotating component 422
and to couple to the one or more transducers 412 may
be less than for conventional systems. Accordingly, the
inductance and mutual inductance of the components
422 and 424 may need to be adjusted by increasing the
number of turns of the components 422 and 424 com-
pared to conventional coils.

[0036] The motor 416 includes a rotor 426 and a stator
428. In at least some embodiments, the rotor 426 is a
permanent magnet with a longitudinal axis, indicated by
a two-headed arrow 430, which is coaxial with the longi-
tudinal axis of the imaging core 408 and the driveshaft
410. The magnet 426 may be formed from many different
magnetic materials suitable forimplantation including, for
example, neodymium-iron-boron, or the like. One exam-
ple of a suitable neodymium-iron-boron magnet is avail-
able through Hitachi Metals America Ltd, San Jose, Cal-
ifornia.

[0037] In atleast some embodiments, the magnet 426
is cylindrical. In at least some embodiments, the magnet
426 has a magnetization M of no less than 1.4 T. In at
least some embodiments, the magnet 426 has a mag-
netization M of no less than 1.5 T. In at least some em-
bodiments, the magnet 426 has a magnetization M of no
less than 1.6 T. In at least some embodiments, the mag-
net 426 has a magnetization vector that is perpendicular
to the longitudinal axis of the magnet 426. In at least
some embodiments, the magnet 426 is disposed in a
housing 432.

[0038] In atleast some embodiments, the magnet 426
is coupled to the driveshaft 410 and is configured and
arranged to rotate the driveshaft 410 during operation.
In at least some embodiments, the magnet 426 defines
an aperture 434 along the longitudinal axis 430 of the
magnet 426. In at least some embodiments, the drive-
shaft 410 and the one or more imaging core conductors
418 extend through the aperture 434. In at least some
other embodiments, the drive shaft 410 is discontinuous
and, for example, couples to the magnet 426 at opposing
ends of the magnet 426. In which case, the one or more
imaging core conductors 418 still extend through the ap-
erture 434. In at least some embodiments, the magnet
426 is coupled to the driveshaft 410 by an adhesive. Al-
ternatively, in some embodiments the driveshaft 410 and
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the magnet 426 can be machined from a single block to
magnetic material with the aperture 434 drilled down a
length of the driveshaft 410 for receiving the imaging core
conductors 418.

[0039] In at least some embodiments, the stator 428
includes two perpendicularly-oriented magnetic field
windings (502 and 504 in Figure 5) which provide a ro-
tating magnetic field to produce torque causing rotation
of the magnet 426. The stator 428 is provided with power
from the control module (104 in Figure 1) via one or more
motor conductors 436.

[0040] Inatleastsome embodiments, a sensingdevice
438 is disposed on the imaging core 408. In atleast some
embodiments, the sensing device 438 is coupled on the
housing 432. In at least some embodiments, the sensing
device 438 is configured and arranged to measure the
amplitude of the magnetic field in a particular direction.
In at least some embodiments, the sensing device 438
uses at least some of the measured information to sense
the angular position of the magnet 426. In at least some
embodiments, at least some of the measured information
obtained by the sensing device 438 is used to control the
current provided to the stator 428 by the one or more
motor conductors 436.

[0041] In at least some embodiments, the diameter of
the catheter 402 is no greater than 0.042 inches (0.11
cm). In at least some embodiments, the diameter of the
catheter 402 is no greater than 0.040 inches (0.11 cm).
In at least some embodiments, the diameter of the cath-
eter 402 is no greater than 0.038 inches (0.10 cm). In at
least some embodiments, the diameter of the catheter
402 is no greater than 0.036 inches (0.09 cm). In at least
some embodiments, the diameter of the catheter 402 is
no greater than 0.034 inches (0.09 cm). In at least some
embodiments, the diameter of the catheter 402 is sized
to accommodate intracardiac echocardiography sys-
tems.

[0042] In at least some embodiments, the diameter of
the magnet 426 is no greater than 0.025 inches (0.06
cm). In at least some embodiments, the diameter of the
magnet 426 is no greater than 0.022 inches (0.06 cm).
In at least some embodiments, the diameter of the mag-
net 426 is no greater than 0.019 inches (0.05 cm). In at
least some embodiments, the diameter of the aperture
434 is no greater than 0.010 inches (0.03 cm). In at least
some embodiments, the diameter of the aperture 434 is
no greater than 0.009 inches (0.02 cm). In at least some
embodiments, the diameter of the aperture 434 is no
greater than 0.008 inches (0.02 cm). In at least some
embodiments, the longitudinal length of the magnet 426
is no greater than 0.13 inches (0.33 cm). In at least some
embodiments, the longitudinal length of the magnet 426
is no greater than 0.12 inches (0.30 cm). In at least some
embodiments, the longitudinal length of the magnet 426
is no greater than 0.11 inches (0.28 cm).

[0043] In at least some embodiments, the motor 416
provides enough torque to rotate the one or more trans-
ducers 412 at a frequency of at least 15 Hz. In at least
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some embodiments, the motor 416 provides enough
torque to rotate the one or more transducers 412 at a
frequency of at least 20 Hz. In at least some embodi-
ments, the motor 416 provides enough torque to rotate
the one or more transducers 412 at a frequency of at
least 25 Hz. In at least some embodiments, the motor
416 provides enough torque to rotate the one or more
transducers 412 at a frequency of at least 30 Hz. In at
least some embodiments, the motor 416 provides
enough torque to rotate the one or more transducers 412
at a frequency of at least 35 Hz. In at least some embod-
iments, the motor 416 provides enough torque to rotate
the one or more transducers 412 at a frequency of at
least 40 Hz.

[0044] In a preferred embodiment, the torque is about
the longitudinal axis 430 of the magnet 426 so that the
magnet 426 rotates. In order for the torque of the magnet
426 to be about the longitudinal axis 430, the magnetic
field of the magneticfield windings (i.e., coils of the stator)
lies in the plane perpendicular to the longitudinal axis
430, with the field vector rotating about the longitudinal
axis 430.

[0045] As discussed above, the stator 428 provides a
rotating magnetic field to produce a torque the rotor 426.
The stator 428 may comprise two perpendicularly-orient-
ed magnetic field windings ("windings") that wrap around
the magnet 426 as one or more turns to form a rotating
magnetic field. Figure 5 is a schematic perspective view
of one embodiment of the rotating magnet 426 and wind-
ings, represented as orthogonal rectangular boxes 502
and 504. Although the windings 502 and 504 are shown
as two orthogonal rectangles, it will be understood that
the each of the windings 502 and 504 may represent
multiple turns of wire which may be spread out to mini-
mize an increase in the diameter of the catheter (402 in
Figure 4). When the windings 502 and 504 are spread
out, a band of current may be generated instead of the
lines of current shown in Figure 5.

[0046] In at least some embodiments, the diameter of
the wire used to form the windings 502 and 504 is no
greater than 0.004 inches (0.010 cm). In at least some
embodiments, the diameter of the wire is no greater than
0.003 inches (0.008 cm). In at least some embodiments,
the diameter of the wire is no greater than 0.002 inches
(0.005 cm).

[0047] In order for the magnet 426 to rotate about the
longitudinal axis 430, the torque must be about the lon-
gitudinal axis 430. Therefore, the magnetic field gener-
ated by the windings 502 and 504 must lie in a plane
perpendicular to the longitudinal axis 430 with a magnetic
field vector H for the windings 502 and 504 rotating about
the longitudinal (z) axis 430 to torque and rotate the mag-
net 426. Figure 5 also shows an x-axis 506 and a y-axis
508 that are orthogonal to each other and to the longitu-
dinal axis 430. As shown in Figure 5, the magnetization
vector M 510 of the magnet 402 is in an x-y plane that is
perpendicular to the longitudinal axis 430.

[0048] The winding 502 produces a magnetic field at
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the center of the winding 502 that is parallel to the y-axis
508. The winding 504 produces a magnetic field at the
center of the winding 504 that is parallel to the x-axis 506.
The combined magnetic field vector H for the windings
502 and 504 is given by:

H=H,x’+H,y’.

where x’ and y’ are unit vectors in the x and y direc-
tions, respectively. The magnetization vector M ro-
tates through the angle 512, which is equal to the
angular velocity of the magnet 426 times the elapsed
time for uniform rotation. Thus, the magnetization
vector M is given by:

M =M (cos(wt) X’ + sin(wt) y’).

[0049] The magnetic moment vector m is given by:

m=MYV;

where M = magnetization vector of the magnet 426
in Tesla; and V = the magnet 426 volume in m3.

[0050] The torque t exerted onthe magnet426is given
by:

T=mxH;

where 1 = the torque vectorin N-m; m = the magnetic
moment vector in Tesla-m3; H = the magnetic field
vector of the windings 502 and 504 in amp/m; and x
= the vector cross product.

[0051] The vector cross product can be evaluated:

v =MV (H, cos(wt) — Hy sin(wt)) z°.

[0052] The vector cross product verifies that the torque
produced by the windings 502 and 504 on the magnetic
moment vector m is indeed about the longitudinal axis
430. Moreover, the torque will be uniform and independ-
ent of time if the magnetic fields generated by the field
windings 502 and 504 are given by:
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Hy = H cos(mt);

thereby yielding a torque t given by:

T=MVHZ’.

[0053] The torque is uniform because the magnetic
field is uniformly rotating, since H? = H,2 + H,? is inde-
pendent of time, and the H, and Hy components describe
clockwise rotation of the winding magnetic field vector H
about the 2’ axis. The resulting uniform torque on a sym-
metric magnet having the magnetization vector M in the
x-y plane is an inherent expression of a rotating field elec-
tric motor.

[0054] Thus, the orthogonal fields produce a magnetic
field that uniformly rotates about the longitudinal axis 430
at angular speed . Under operational conditions, the
magnetization vector M of the magnet 426 will follow the
winding magnetic field vector H of the windings 502 and
504 with a slip angle that is determined by a system drag
torque. When the angular speed o is increased, the drag
torque (and the slip angle) increases until the magnet
426 can no longer rotate fast enough to keep up with the
magnetic field.

[0055] A changing slip angle may potentially lead to
non-uniform rotation. In at least some embodiments, the
sensing device 438 facilitates maintaining uniform rota-
tion of the magnet 426 by maintaining a uniformly rotating
magnetic field. In at least some embodiments, the sens-
ing device 438 controls the currents that produce H, and
Hy by feedback from measured values for M, and M,
components. The relationship between H, and Hy and
M, and My is given by:

‘.Hx‘xlx“" ys
and

where I, = the current in amps producing the mag-
netic field component H,; and Iy =the currentinamps
producing the magnetic field component H,.

[0056] In at least some embodiments, the sensing de-
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vice 438 may be implemented in digital form. In at least
some embodiments, digitally processed data output from
the sensing device 438 is used to compute the currents
at each point in time to maintain uniform rotation. In at
least some embodiments, the digital sensing device 438
may measure more than one component of the magnetic
field of the magnet 426 at a given point to fully determine
the currents for a given rotational direction.

[0057] In at least some other embodiments, the sens-
ing device 438 may be implemented in analog form. In
at least some embodiments, the analog sensing device
438 includes two magnetic sensors placed 90 degrees
apart on the housing (432 in Figure 4) or elsewhere on
the imaging core (408 in Figure 4). Generally, the mag-
netic field generated by the magnet 426 is substantially
larger than the magnetic field generated by the windings
502 and 504. Thus, the sensors of the sensing device
438 measure the perpendicular components of the mag-
netization vector M in the x-y plane, relative to the axes
passing from the center of the magnet 426 to the sensors.
The measured signals can be amplified and fed back to
the currents in the windings 502 and 504. If, as shown in
the previous equations, the x current is inverted, the mag-
net 426 rotates clockwise. If the y current is inverted, the
magnet 426 rotates counterclockwise.

[0058] In atleast some embodiments, the sensing de-
vice 438 includes atleast some magnetic sensors located
external to the patient. For example, two tri-axial mag-
netic sensors, including six individual sensors, may
measure the x, y, and z components of a rotating mag-
netic field of the magnet 426 at two locations external to
the patient. In at least some embodiments, magnetic field
sensing of the rotating magnet 426 is facilitated by sens-
ing only magnetic fields that rotate in phase with the mag-
net winding drive currents. Data from the external sen-
sors may be inverted to find the x, y, and z coordinates
of the rotating magnet (and IVUS transducer), and the
spatial orientation of the magnet 426. This data can be
used to form a three dimensional image of surrounding
tissue (e.g., bends in an artery) during pull back imaging.
[0059] Inatleastsome embodiments, one or more sen-
sors may be positioned in proximity to the rotating magnet
426 and implantable into the patient, while a plurality of
sensors remain external to the patient. The implantable
sensor may identify the angular orientation of the rotating
magnet 426, and this data may be used to accept only
data from the external sensors that have the proper fre-
quency and proper phase angle of the rotating magnet
while rejecting data obtained from external sensors with
an improper frequency and phase angle, thereby further
increasing the signal-to-noise ratio in the external sensor
data.

[0060] The amount of magnetic torque that may be
generated by the motor 416 may be limited by the amount
of current that may be passed through the windings 502
and 504 without generating excessive heat in the cath-
eter (402 in Figure 4). Heat is generated in the windings
502 and 504 by Joule heating at a rate given by:
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P=PR;

where P = the power dissipated as heat in watts; R
= the resistance of the windings 502 and 504; and /
= the amplitude of the current in amps.

[0061] The value for Pis divided by two because sinu-
soidal current is employed. However the value for P is
also multiplied by two because there are two windings
502 and 504. In at least one experiment, it has been
estimated that up to 300mW of heat is readily dissipated
in blood or tissue without perceptibly increasing the tem-
perature of the motor (416 in Figure 4). In at least one
experiment, it has been estimated that heat dissipation
increases to several watts when blood is flowing.
[0062] The magnetic field H of the windings 502 and
504 having N turns and inputting current / may be com-
puted. The result follows from the formula for the mag-
netic field generated by a current-carrying line segment.
Typically, the lengths of the long ends of the rectangular-
shaped windings 502 and 504 parallel with the longitu-
dinal axis 430 are substantially greater than ihe lengths
of the short ends of the windings 502 and 504. Accord-
ingly, the short ends may not significantly contribute to
the magnetictorque. The magneticfield H of the windings
502 and 504 having N turns and inputting current / is
given by:

H=2NI/(@D{l+(D/L)));

where N = the number of turns of the windings 502
and 504; D = the winding width in meters (typically
the diameter of the housing (432 in Figure 4); and L
= the length of the windings 502 and 504 in meters.
NI can be analyzed in terms of the power dissipated
in the windings 502 and 504. Although theoretical
optimization of all parameters is possible, safety lim-
its may be incorporated into design implementation.

[0063] In one exemplary embodiment, rectangular
windings 502 and 504 have 8 turns of silver wire with a
2.7 inches (6.86 cm) length, a 0.002 inch (0.005 cm) di-
ameter, and a resistance of 0.5 Ohms. A magnet 426
has a cylindrical shape with an outer diameter of 0.022
inches (0.056 cm), an inner diameter of 0.009 inches
(0.022 cm), and a longitudinal length of 0.132 inches
(0.34 cm). The magnetization M = 1.4 for the magnet 426
having the above-mentioned dimensions formed from
neodymium-iron-boron. The maximum power P is equal
to 0.3 watts, the maximum current amplitude is 0.77
amps, and the quantity N/ is 6.2 amps. Using the above-
mentioned values, the torque on the magnet 426 is given
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by:
t=2MV(NI) / (nD,/il +(D/LY ).
[0064] Inserting the above-mentioned values gives a

torque of 4 wWN-m = 0.4 gm - mm, which is approximately
four times larger than an estimated maximum frictional
drag on the magnet 426. The corresponding force is
about 0.1 gram, or about 30 times the weight of the mag-
net426. Although torque may be increased by increasing
the magnet radius, it is desirable that the catheter (402
in Figure 4) be small enough to be disposed in a wide
variety of patient vasculature. Additional considerations
for insertion of the catheter into patient vasculature may
be considered including, for example, the length of the
imaging core (408 in Figure 4) (because the relative stiff-
ness of the imaging core (408 in Figure 4) may affect
maneuverability of the catheter), heat generation, the re-
sistivity of metals at room temperature, and the strength
of the materials used to form the magnet 426.

[0065] It may be difficult to form the windings 502 and
504. For example, it may be difficult to wind a wire of
0.002 inch (0.005 cm) diameter around a cylindrical sur-
face of a housing (432 in Figure 4). In at least some em-
bodiments, the windings 502 and 504 are deposited onto
a thin film (e.g., a polyimide film, or the like), which is
then disposed onto the housing (432 in Figure 4). For
example, one or more types of metals (e.g., copper, sil-
ver, gold, or other metals or metal alloys) are deposited
onto the thin film, and the thin film is disposed onto the
housing (e.g., using one or more adhesives or other types
of suitable coupling methods). In alternate embodiments,
the housing (432 in Figure 4) is formed from a ceramic
cylinder or extruded polyimide tube, or other material that
is suitable for deposition of metal strip lines. A three-di-
mensional lithography process may be used to deposit
and define the windings 502 and 504 on the cylinder. For
example, a metal film may be deposited uniformly on an
outer surface of the cylinder and a laser may be used to
remove undesired metal film from the outer surface of
the cylinder, thereby defining the windings 502 and 504.
[0066] Figure 6 is a schematic top view of one embod-
iment of the windings 602 and 604 disposed on a thin
film 606. In at least some embodiments, the windings
602 and 604 are disposed on both sides of the thin film
606. In at least some embodiments, the winding 602 is
disposed on afirst side of the thin film 606 and the winding
604 is disposed on a second side of the thin film 606. In
preferred embodiments, the windings 602 and 604 are
disposed on the thin film 606 such that when the thin film
606 is disposed around the magnet 426 (or the housing
432), the windings 602 and 604 are offset from one an-
other by 90 degrees.

[0067] Itis undesirable to have rotating portions of the
imaging core directly contacting stationary portions of the

10

15

20

25

30

35

40

45

50

55

10

distal end of the catheter. Relative motion between ro-
tating portions ofthe imaging core (e.g., the rotating drive-
shaft, the magnet, and the like) and the stationary com-
ponents of the distal end of the catheter (e.g., the stator,
the housing, and the like) may produce a frictional drag.
Figure 7 is a schematic longitudinal cross-sectional view
of another embodiment of a distal end of a catheter 702.
The catheter 702 includes drag reducing elements 704
and 706 disposed on each end of a motor 708. The drag
reducing elements 704 and 706 may include any suitable
device for reducing drag including, for example, one or
more bushings, one or more bearings, or the like or com-
binations thereof.

[0068] Other drag reducing techniques may also be
employed instead of, or in addition to, the drag reducing
elements 704 and 706. For example, in at least some
embodiments, the housing (432 in Figure 4) is formed,
at least in part, from a conductive material (e.g., carbon
fiber and the like). In at least some embodiments, the
rotation of the magnet (426 in Figure 4) produces eddy
currents which may increase as the angular velocity of
the magnet increases. Once a critical angular velocity is
met or exceeded, the eddy currents may cause the mag-
netto levitate. In a preferred embodiment, the conductive
material of the housing has conductivity high enough to
levitate the magnet (426 in Figure 4) to a position equi-
distant from opposing sides of the housing, yet low
enough to not shield the magnet (426 in Figure 4) from
the magnetic field produced by the windings (602 and
604 of Figure 6).

[0069] As another example of a drag reducing tech-
nique, a space between the magnet 426 and the housing
432 may be filled with a ferrofluid (e.g., a suspension of
magnetic nano-particles, such as available from the Fer-
rotec Corp., Santa Clara, California). The ferrofluid is at-
tracted to the magnet 426 and remains positioned at an
outer surface of the magnet 426 as the magnet 426 ro-
tates. The fluid shears near the walls of non-rotating sur-
faces, such that the rotating magnet 426 does not phys-
ically contact these non-rotating surfaces. The resulting
viscous drag torque on the magnet 426 increases in pro-
portion to the rotation frequency of the magnet 426, and
may be reduced relative to a non-lubricated design.
[0070] In examples not part of the invention, the one
or more transducers are stationary within the imaging
core and direct an acoustic signal onto a rotating mirror.
Employing a fixed transducer and a rotating mirror may
eliminate the need for a transformer. Transformers have
several disadvantages including, for example, a loss in
energy amplitude through inductance between compo-
nents, phase-shifting IVUS waveforms, financial ex-
pense, and manufacturing difficulty. Additionally, elimi-
nating the transformer may have several advantages.
For example, the imaging core may be shorter in length
than an imaging core with a transformer. As discussed
above, the portion of the catheter in which the imaging
core is disposed is typically stiffer than other portions of
the catheter. Thus, reducing the length of the imaging
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core may allow the catheter to navigate through sharper
turns in patient vasculature.

[0071] In examples not part of the invention, the rotat-
able mirror is positioned distal to the one or more fixed
transducers. Figure 8 is a schematic longitudinal cross-
sectional view of yet another embodiment of a distal end
of a catheter 802. The catheter 802 defines a lumen 804
within which an imaging core 806 is disposed. The im-
aging core 806 includes one or more fixed transducers
808, a motor 810, and a rotating mirror 812 distal to the
one or more transducers 808. The one or more transduc-
ers 808 are electrically coupled to the control module
(104 in Figure 1) via one or more transducer conductors
814.

[0072] The motor 810 includes a rotating magnet 816
and two inner windings 818, or two outer windings 820,
orone inner winding 818 and one outer winding 820. The
magnet 816 may be formed from many different magnetic
materials suitable forimplantation including, for example,
neodymiume-iron-boron, or the like. In examples not part
of the invention, the magnet 816 is cylindrical. In at least
some embodiments, the magnet 816 defines an aperture
822. In examples not part of the invention, the magnet
816 has a magnetization vector that is perpendicular to
the longitudinal axis of the magnet 816.

[0073] In examples not part of the invention, the wind-
ings 818 or 820 include two perpendicularly-oriented win-
nings (see e.g., 502 and 504 in Figure 5) which provide
a rotating magnetic field to torque the magnet 816. The
windings 818 or 820 are provided with power from the
control module (104 in Figure 1) via one or more motor
conductors 824. In examples not part of the invention, a
support hub 826 is positioned at a proximal end of the
imaging core 806. In atleast some embodiments, at least
one of the windings 818 and 820 or the one or more
transducers 808 are cantilevered from the support hub
826.

[0074] In examples not part of the invention, the rotat-
ing mirror 812 is disposed in the aperture 822, with the
one or more fixed transducers 808 disposed either prox-
imal tothe magnet 816 orin the aperture 822. Inexamples
not part of the invention, the rotating mirror 812 is dis-
posed distally from the magnet 816, with the one or more
fixed transducers 808 disposed either proximal to the
magnet 816, inside the aperture 822 of the magnet 816,
or distal to the magnet 816. In at least some embodi-
ments, the rotating mirror 812 is coupled to an inner sur-
face of the magnet 816. In at least some embodiments,
the rotating mirror 812 is fixedly coupled to the magnet
816 such that the mirror 812 rotates with the magnet 816.
In examples not part of the invention, the mirror 812 is
held in position by one or more supports 828 positioned
distally from the mirror 812. In at least some embodi-
ments, the mirror 812 is held in position such that a re-
flective surface of the mirror 812 is not obstructed by
either the magnet 816 or the one or more supports 828
as the mirror 812 rotates during operation.

[0075] In examples not part of the invention, acoustic
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signals may be emitted from the one or more fixed trans-
ducers 808 towards the rotating mirror 812 and be redi-
rected to an angle that is not parallel to the longitudinal
axis of the magnet 816. In examples not part of the in-
vention, acoustic signals are redirected to a plurality of
angles that are within a 120 degree range with respect
to the transverse axis of the magnet 816. In examples
not part of the invention, acoustic signals are redirected
to a plurality of angles that are within a 90 degree range
with respect to the transverse axis of the magnet 816. In
examples not part of the invention, acoustic signals are
redirected to a plurality of angles that are within a 120
degree range with respect to the transverse axis of the
magnet 816 such that the plurality of angles are centered
on an angle that is perpendicular to the longitudinal axis
of the magnet 816. In examples not part of the invention,
acoustic signals are redirected to a single angle that is
perpendicular to the longitudinal axis of the magnet 816.
In examples not part of the invention, acoustic signals
are redirected to a single angle that is not perpendicular
to the longitudinal axis of the magnet 816. In at least
some embodiments, a notch (or window, fenestration, or
the like) with side walls 830 is formed in the magnet 816
to provide an acoustic opening through which acoustic
signals may be transmitted from the catheter 802. In ex-
amples not part of the invention, an acoustically trans-
parent membrane may be disposed across the notch so
that a region 832 between the one or more transducers
808 and the mirror 812 is fluidtight.

[0076] Inexamples not part of the invention, the region
832 between the one or more transducers 808 and the
mirror 812 is filled with an airless fluid with impedance
that matches tissue or fluid surrounding the distal end of
the catheter 802. In examples not part of the invention,
the region 832 between the one or more transducers 808
and the mirror 812 is filled with a ferrofluid. In examples
not part of the invention in addition to the region 832, one
or more spaces may be formed along at least a portion
of the surface area of the magnet 816 when the magnet
816 is disposed in the catheter 802. In examples not part
of the invention, the one or more spaces surrounding at
least a portion of the surface area of the magnet 816 are
filled with ferrofluid. It may be an advantage to surround
the magnet with ferrofluid because the ferrofluid is at-
tracted to the magnet 816. If enough of the surface area
of the magnet 816 is accessible by the ferrofluid, the fer-
rofluid may cause the magnet 816 to float, thereby po-
tentially reducing friction between the magnet 816 and
other contacting surfaces which may not rotate with the
magnet 816 during operation.

[0077] Inexamples not part of the invention, the mirror
812 includes a reflective surface that is nonplanar. In
examples not part of the invention, the reflective surface
of the mirror 812 is concave. It may be an advantage to
employ a concaved reflective surface to improve focus-
ing, thereby improving lateral resolution of acoustic puls-
es emitted from the catheter 802. In examples not part
of the invention, the reflective surface of the mirror 812
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is convex. Inexamples notpartofthe invention, the shape
of the reflective surface of the mirror 812 is adjustable.
It may be an advantage to have an adjustable reflective
surface to adjust the focus or depth of field for imaging
tissues at variable distances from the mirror 812. In ex-
amples not part of the invention, the mirror 812 is a coated
membrane stretched over a space that contains air or
other compressible substance. When the fluid pressure
of the region 832 between the one or more transducers
808 and the mirror 812 increases, the reflective surface
of the mirror 812 may deflect to produce a concave sur-
face.

[0078] In examples not part of the invention, the one
or more transducers include a plurality of annuli. In at
examples not part of the invention, least some embodi-
ments, at least one of the annuli resonates at a frequency
that is different from at least one of the remaining annuli.
Figure 9 is a schematic transverse cross-sectional view
of one embodiment of a transducer 902 with a plurality
of annuli, such as annulus 904 and annulus 906. In ex-
amples not part of the invention, the annulus 904 reso-
nates at a different frequency than the annulus 906.
[0079] In examples not part of the invention, the rotat-
able mirror is positioned proximal to the one or more fixed
transducers. Figure 10 is a schematic longitudinal cross-
sectional view of another embodiment of a distal end of
acatheter 1002. The catheter 1002 defines alumen 1004
within which an imaging core 1006 is disposed. The im-
aging core 1006 includes one or more fixed transducers
1008, a motor 1010, and a rotating mirror 1012 proximal
to the one or more transducers 1008. The one or more
transducers 1008 are electrically coupled to the control
module (104 in Figure 1) via one or more transducer con-
ductors 1014.

[0080] The motor 1010 includes a rotating motor mag-
net 1016 and windings 1018. In examples not part of the
invention, the motor magnet 1016 is cylindrical. In exam-
ples not part of the invention, the motor magnet 1016 is
formed from neodymium-iron-boron. The windings 1018
are provided with power from the control module (104 in
Figure 1) via one or more motor conductors 1020. The
motor 1010 is disposed in a housing 1022 with a distal
end cap 1024. In at least some embodiments, space
around the motor 1010 is evacuated to reduce friction.
In at least some embodiments, space around the motor
1010 is filled with one or more gases to reduce friction.
Many different gases may be used including, for exam-
ple, nitrogen, carbon dioxide, oxygen, or the like or com-
binations thereof. In examples not part of the invention,
space around the motor 1010 includes one or more gases
and is partially evacuated.

[0081] The mirror 1012 includes a magnet 1026 and a
tilted reflective surface 1028. In at least some embodi-
ments, the mirror 1012 is configured and arranged to
rotate with the motor magnet 1016. In examples not part
of the invention, the mirror 1012 is not coupled to the end
cap 1024. In examples not part of the invention the mirror
magnet 1026 has an opposing magnetization direction
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from the motor magnet 1016, as shown in Figure 10 by
the directions of arrows on the motor magnet 1016 and
the mirror magnet 1026. The motor magnet 1016 is mag-
netically coupled to the mirror 1012 through the end cap
1024.

[0082] The end cap 1024 can be formed from a rigid
or semi-rigid material (e.g., one or more metals, alloys,
plastics, composites, or the like). In examples not part of
the invention, the end cap 1024 is coated with a slick
material (e.g., polytetrafluoroethylene, or the like) to re-
duce friction between the end cap 1024 and the rotating
motor magnet 1016 and mirror 1012. In examples not
part of the invention, at least one of the motor magnet
1016 or the mirror 1012 has a tapered end contacting
the end cap 1024 to reduce friction during rotation.
[0083] Inexamples not part of the invention, the imag-
ing core 1006 includes a support hub 1030 disposed at
a distal end of the imaging core 1006. In examples not
part of the invention, the windings 1018 are supported
on one end by the support hub 1030 and on the opposite
end by the end cap 1024. In at least some embodiments,
the motor 1010 includes a motor shaft 1032 providing a
longitudinal axis about which the motor magnet 1016 ro-
tates. In examples not part of the invention, the motor
shaft 1032 is coupled on one end by the support hub
1030 and on the opposite end by the end cap 1024. In
atleast some embodiments, the one or more transducers
1008 are coupled to a transducer shaft 1034 extending
distally from the end cap 1024. In at least some embod-
iments, the mirror 1012 defines an aperture through
which the transducer shaft 1034 extends. In examples
not part of the invention, the one or more transducer con-
ductors 1014 are at least partially disposed in the trans-
ducer shaft 1034. In examples not part of the invention,
the one or more transducer conductors 1014 are at least
partially disposed in the motor shaft 1032. In examples
not part of the invention, the one or more transducer con-
ductors 1014 extend around an outer surface of one or
more of the motor 1010 or the mirror 1012.

[0084] In examples not part of the invention, acoustic
signals may be emitted from the one or more transducers
1008 towards the mirror 1012 and be redirected to an
angle that is not parallel to the longitudinal axis of the
motor magnet 1016. In examples not part of the invention,
acoustic signals are redirected to a plurality of angles
that are within a 120 degree range with respect to the
transverse axis of the motor magnet 1016. In examples
not part of the invention, acoustic signals are redirected
to a plurality of angles that are within 90 degree range
with respect to the transverse axis of the motor magnet
1016. In examples not part of the invention, acoustic sig-
nals are redirected to a plurality of angles that are within
a 120 degree range with respect to the transverse axis
of the motor magnet 1016 such that the plurality of angles
are centered on an angle that is perpendicular to the lon-
gitudinal axis of the motor magnet 1016. In examples not
part of the invention, acoustic signals are redirected to a
single angle that is perpendicular to the longitudinal axis
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of the motor magnet 1016. In examples not part of the
invention, acoustic signals are redirected to a single an-
gle that is not perpendicular to the transverse axis of the
motor magnet 1016.

[0085] In examples not part of the invention, the imag-
ing core described above can be implemented using one
or more rotating transducers and a transformer without
using a mirror. Figure 11 shows a longitudinal cross-sec-
tional view of one embodiment of an imaging core 1102
disposed in a distal end of a lumen 1104 of a catheter
1106. The imaging core 1102 includes a motor 1108 dis-
posed in a housing 1110 with an end cap 1112 that may
be rigid or semi-rigid. The imaging core 1102 also in-
cludes one or more transducers 1114 disposed distal to
the motor 1108. In examples not part of the invention, a
magnet is attached to the one or more transducers 1114.
The one ormore transducers 1114 (viathe attached mag-
net) are magnetically coupled to the motor 1108 through
the end cap 1112. In examples not part of the invention,
the one or more transducers 1114 are positioned such
that the acoustic signals output from the one or more
transducers 1114 are directed at angles that are not par-
allel with to the longitudinal axis of the motor 1108, as
shown by arrows 1116. In examples not part of the in-
vention, a transformer 1118 with a stationary component
1120 and a rotating component 1122 is used to power
the one or more transducers 1114. In examples not part
of the invention, the stationary component 1120 is dis-
posed within the end cap 112 and the rotating component
1122 is disposed within the one or more transducers
1114.

[0086] In examples not part of the invention, the wind-
ings include a single turn of wire. As shown above, the
torque on the motor (e.g., 810 in Figure 8) is given by:

T =2MV(ND) / (xDJL+(D/L)*));

wherein the only dependence of torque on the wind-
ings is through the product NI. For example, the
same result is obtained regardless of whether 0.77
amps flow through windings with 8 turns, or 6.2 amps
flow through windings with 1 turn. Heat generation
will be the same as long as the total cross-sectional
area of the windings is the same. For example, one
line two mills high and sixteen mills wide heats equiv-
alent to eight lines two mills high and two mills wide.
Accordingly, in examples not part of the invention,
each winding includes a single turn.

[0087] Figure 12 is a schematic perspective view of
one examples not part of the invention of a portion of a
first single-turn winding 1202 and a second single-turn
winding 1204 configured and arranged for disposing
around the magnet (816 in Figure 8). In at least some
embodiments, the first single-turn winding 1202 and the
second single-turn winding 1204 are configured and ar-
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ranged for disposing on separate surfaces of the magnet
(816 in Figure 8). For example, in examples not part of
the invention the first single-turn winding 1202 is config-
ured and arranged to be disposed along an inner surface
of the magnet (816 in Figure 8) and the second single-
turn winding 1204 is configured and arranged to be dis-
posed along an outer surface ofthe magnet (816in Figure
8). The single-turn windings 1204 and 1206 may be
formed from any type of conductive material suitable for
implantation into a patient. It may be an advantage to
employ single-turn windings, and disposing the first sin-
gle-turnwinding 1202 and the second single-turn winding
1204 along separate surfaces in order to eliminate cross-
overs from the top and bottom side of the winding circuit.
[0088] Figure 13 is a schematic transverse cross-sec-
tional view of examples not part of the invention of the
first and second single-turn windings 1202 and 1204, re-
spectively, disposed around the magnet (816 in Figure
8). The single-turn windings 1202 and 1204 may be dis-
posed directly along the magnet 816. In examples not
part of the invention, the single-turn windings 1202 and
1204 may be imbedded in non-conductive tubing in order
to maintain a relative thickness of the catheter (802 in
Figure 8) along a transverse axis of the catheter (802 in
Figure 8). For example, the first single-turn winding 1202
is shown in Figure 13 as being imbedded in a non-con-
ductive tube 1302 which is disposed along an inner side
ofthe magnet 816. Similarly, the second single-turn wind-
ing 1204 is shown in Figure 13 as being imbedded in a
non-conductive tubing 1304 disposed along an outer side
of the magnet 816.

[0089] The second single-turn winding 1204 may exert
more torque than the first single-turn winding 1202 be-
cause the second single-turn winding 1204 has a larger
diameter than the second single-turn winding 1204.
Thus, the second single-turn winding 1204 may not need
to input as much current as the first single-turn winding
1202 during operation. Accordingly, in examples not part
of the invention, the second single-turn winding 1204 is
not as thick as the first single-turn winding 1202.

[0090] In at least some embodiments, up to six amps
of current may be utilized by the motor. Thus, in a pre-
ferred embodiment, the components of the catheter and
imaging core are capable of withstanding up to six amps
of current without heating. Low power electronic compo-
nents are currently available to source six amps of current
atlow voltage. Additionally, previous studies have shown
that flexible stranded leads with an equivalent diameter
of approximately 0.015 inches (0.04 cm) can withstand
up to six amps of current, while also being capable to
fitting through a one-millimeter diameter catheter.
[0091] It will be understood that there are many differ-
ent multiple-phase winding geometries and current con-
figurations that may be employed to form a rotating mag-
netic field. For example, a motor may include, for exam-
ple, a two-phase winding, a three-phase winding, a four-
phase winding, a five-phase winding, or more multiple-
phase winding geometries. It will be understood that a
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motor may include many other multiple-phase winding
geometries. In a two-phase winding geometry, as dis-
cussed above, the currents in the two windings are out
of phase by 90°. For a three-phase winding, there are
three lines of sinusoidal current that are out of phase by
zero, 120°, and 240°, with the three current lines also
spaced by 120°, resulting in a uniformly rotating magnetic
field that can drive a cylindrical motor magnet magnetized
perpendicular to the current lines.

[0092] Figure 14 is a schematic perspective view of
example not part of the invention of a three-phase wind-
ing geometry 1402 configured and arranged for forming
a rotating magnetic field around a magnet (see e.g., 816
in Figure 8). The three-phase winding 1402 includes
three windings, or lines, 1404-1406. In examples not part
of the invention, multiple windings may utilize a single
cylindrical surface of the magnet (816 of Figure 8) with
no cross-overs. Such a winding may occupy a minimal
volume in an imaging core. Although other geometries
may also form a rotating magnetic field, the three-phase
geometry 1402 may have the advantages of allowing for
a more compact motor construction than other ge-
ometries.

[0093] An exceptional property of a three-phase wind-
ing geometry 1402 is that only two of the three lines
1404-1406 needs to be driven, while the third line is a
common return that mathematically is equal to the third
phase of current. This can be verified by noting that:

Sin (ot) + Sin(wt + 120°) = -Sin(wt + 240°)

[0094] For athree-phase winding geometry 1402, cur-
rent is driven into two lines with the zero and 120° phase
shift of the two terms on the left side of this identity. The
sum of the two terms returns on the common line with
exactly the correct 240° phase shift on the right side of
this equation needed to create the rotating magnetic field.
It will be understood that the minus sign indicates that
the return current is in the opposite direction of driven
current.

[0095] In examples not part of the invention, the three
unsupported lines 1404-1406 may be supported by a
substrate to increase mechanical stability. In examples
not part of the invention, the lines 1404-1406 are con-
structed from a solid metal tube, leaving most of the metal
in tact, and removing only metal needed to prevent short-
ing of the lines 1404-1406. In examples not part of the
invention the removed portions are backfilled with a non-
conductive material.

[0096] 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
examples not part of the invention scope of the invention,
the invention also resides in the claims hereinafter ap-
pended.
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Claims

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

a catheter (102, 402) having a longitudinal
length, a distal end (208), and a proximal end
(206), the catheter (102) comprising a lumen
(304, 404) extending along the longitudinal
length of the catheter (102) from the proximal
end (206) to the distal end (208);

an imaging core (306) with a longitudinal length
that is substantially less than the longitudinal
length of the catheter (102), the imaging core
(306) configured and arranged for inserting into
the lumen (304, 404) to the distal end (208) of
the catheter (102, 402), the imaging core (306,
408) comprising

a rotatable driveshaft (310, 410) having a distal
end and a proximal end,

the transformer is disposed at the proximal end
of the driveshaft (310, 410), and the motor (416)
is coupled to the driveshaft (310, 410) between
the one or more transducers (312) and the trans-
former (414)).

at least one transducer disposed at and coupled
to the distal end of the driveshaft (310, 410)

at least one transducer (312) configured and ar-
ranged for transforming applied electrical sig-
nals to acoustic signals and also for transforming
received echo signals to electrical signals,

a transformer (414),

at least one imaging core conductor (418) cou-
pling the at least one transducer (312) to the
transformer (414), and

a motor (416) comprising a rotatable magnet
(426) and at least two magnetic field windings
(502, 504) disposed around at least a portion of
the magnet (426), the magnet having a longitu-
dinal axis (430) and an aperture (434) defined
along the longitudinal axis (430) of the magnet
(426); at least one catheter conductor electrical-
ly coupled to the transformer (414) and extend-
ing to the proximal end ofthe catheter (102, 402);
and

atleast one motor conductor electrically coupled
to the magnetic field windings (502, 504) and
extending to the proximal end of the catheter
(102, 402), characterised in that the imaging
core does not include a mirror, in that

2. The catheter assembly of claim 1, wherein the im-
aging core (306, 408) further comprises a sensing
device (438), the sensing device (438) configured
and arranged for sensing the angular position of the
magnet (426).

3. The catheter assembly of claim 2, wherein the sens-
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ing device (438) is configured and arranged to con-
trol an amount of current applied to the magnetic
field windings (502, 504) using the received angular
position of the magnet (426).

The catheter assembly of any one of claims 1-3,
wherein the catheter (102, 402) has a transverse di-
ameter that is not greater than one millimeter.

The catheter assembly of any one of claims 1-4,
wherein at least one of the at least one imaging core
conductor (418) or the driveshaft (310, 410) extends
through the aperture (434) of the magnet (426).

The catheter assembly of any one of claims 1-5,
wherein the transformer (414) comprises a rotating
component (422) and a stationary component (424)
spaced apart from one another, wherein the rotating
component (422) s electrically coupled to the atleast
oneimaging core conductor (418) and the stationary
component (424)is electrically coupled to the atleast
one catheter conductor.

The catheter assembly of claims 1-6, wherein the
magnet (426) is disposed in a housing (432).

The catheter assembly or claim 7, wherein the hous-
ing (432) is formed from a conductive material with
conductivity high enoughto levitate the magnet (426)
when the magnet rotates at an operational angular
velocity.

The catheter assembly of any one of claims 7-8,
wherein the magnetic field windings (502, 504) are
disposed on a thin film.

The catheter assembly of claim 9, wherein the thin
film is disposed on the housing (432).

An intravascular ultrasound imaging system (100)
comprising:

the catheter assembly of any one of claims 1-10;
and

a control module (104) coupled to the imaging
core (306, 408), the control module (104) com-
prising

a pulse generator configured and arranged for
providing electric signals to the at least one
transducer (312), the pulse generator electrical-
ly coupled to the at least one transducer (312)
via the one or more conductors and the trans-
former (414), and

a processor (106) configured and arranged for
processing received electrical signals from the
atleast one transducer (312) to form atleast one
image, the processor (106) electrically coupled
to the at least one transducer (312) via the one
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or more conductors.

Patentanspriiche

Katheterbaugruppe fiir ein intravaskulares Ultra-
schall-System, wobei die Katheterbaugruppe um-
fasst:

einen Katheter (102, 402), der eine Langslange,
eindistales Ende (208) und ein proximales Ende
(206) aufweist, wobei der Katheter (102) ein Lu-
men (304, 404) umfasst, das sich entlang der
Langslange des Katheters (102) vom proxima-
len Ende (206) zum distalen Ende (208) er-
streckt;

einen bildgebenden Kern (306) mit einer Langs-
lange, die im Wesentlichen geringer ist als die
Langslange des Katheters (102), wobei der bild-
gebende Kern (306) zum Einsetzen in das Lu-
men (304, 404) zum distalen Ende (208) des
Katheters (102, 402) ausgestaltet und angeord-
net ist, wobei der bildgebende Kern (306, 408)
umfasst

eine drehbare Antriebswelle (310, 410), die ein
distales Ende und ein proximales Ende auf-
weist,

mindestens einen Wandler, der an dem distalen
Ende der Antriebswelle (310, 410) angeordnet
und an dieses gekoppelt ist,

mindestens einen Wandler (312), der ausgestal-
tetund angeordnetist, um angelegte elektrische
Signale in akustische Signale umzuwandeln
und ebenfalls um empfangene Echosignale in
elektrische Signale umzuwandeln,

einen Transformator (414),

mindestens einen Leiter (418) fir den bildge-
benden Kern, der den mindestens einen Wand-
ler (312) an den Transformator (414) koppelt,
und

einen Motor (416), der einen drehbaren Magne-
ten (426) und mindestens zwei Magnetfeldwick-
lungen (502, 504) umfasst, die um mindestens
einen Abschnitt des Magneten (426) herum an-
geordnet sind, wobei der Magnet eine Langs-
achse (430) und eine Offnung (434) aufweist,
die entlang der Langsachse (430) des Magne-
ten (426) definiert ist;

mindestens einen Leiter fiir den Katheter, der
elektrisch anden Transformator (414) gekoppelt
ist und sich zu dem proximalen Ende des Ka-
theters (102, 402) erstreckt; und

mindestens einen Leiter fir den Motor, der elek-
trisch an die Magnetfeldwicklungen (502, 504)
gekoppelt ist und sich zu dem proximalen Ende
des Katheters (102, 402) erstreckt, dadurch ge-
kennzeichnet, dass der bildgebende Kern kei-
nen Spiegel umfasst, dass der Transformator



10.

11.

29 EP 2 413 804 B1 30

an dem proximalen Ende der Antriebswelle
(310, 410) angeordnet, und der Motor (416) zwi-
schen dem einen oder den mehreren Wandlern
(312) und dem Transformator (414) an die An-
triebswelle (310, 410) gekoppelt ist.

Katheterbaugruppe nach Anspruch 1, wobei der
bildgebende Kern (306, 408) tiberdies eine Fiihlein-
richtung (438) umfasst, wobei die Fihleinrichtung
(438) zum Flhlen der Winkelposition des Magneten
(426) ausgestaltet und angeordnet ist.

Katheterbaugruppe nach Anspruch 2, wobei die
Fihleinrichtung (438) ausgestaltet und angeordnet
ist, eine an die Magnetfeldwicklungen (502, 504) an-
gelegte Strommenge unter Verwenden der empfan-
genen Winkelposition des Magneten (426) zu steu-
ern.

Katheterbaugruppe nach einem der Anspriiche 1-3,
wobei der Katheter (102, 402) einen transversalen
Durchmesser aufweist, der nicht grof3er als ein Mil-
limeter ist.

Katheterbaugruppe nach einem der Anspriiche 1-4,
wobei mindestens einer, der mindestens eine bild-
gebende Kern (418) oder die Antriebswelle (310,
410), sich durch die Offnung (434) des Magneten
(426) erstreckt.

Katheterbaugruppe nach einem der Anspriiche 1-5,
wobei der Transformator (414) ein rotierendes Bau-
teil (422) und ein feststehendes Bauteil (424) um-
fasst, die voneinander beabstandet sind, wobei das
rotierende Bauteil (422) elektrisch an den mindes-
tens einen Leiter fiir den bildgebenden Kern (418)
gekoppelt ist und das feststehende Bauteil (424)
elektrisch an den mindestens einen Leiter fir den
Katheter gekoppelt ist.

Katheterbaugruppe nach den Anspriichen 1-6, wo-
bei der Magnet (426) in einem Gehause (432) an-
geordnet ist.

Katheterbaugruppe nach Anspruch 7, wobei das Ge-
hause (432) aus einem leitenden Material mit einer
Leitfahigkeit gebildet ist, die hoch genug ist, den Ma-
gneten (426) schweben zu lassen, wenn der Magnet
bei einer Betriebs-Winkelgeschwindigkeit rotiert.

Katheterbaugruppe nach einem der Anspriiche 7-8,
wobei die Magnetfeldwicklungen (502, 504) auf ei-
nem diinnen Film angeordnet sind.

Katheterbaugruppe nach Anspruch 9, wobei der
dinne Film auf dem Geh&use (432) angeordnet ist.

Intravaskulares Ultraschall-Bildgebungssystem
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(100), umfassend:

die Katheterbaugruppe nach einem der Anspri-
che 1-10; und

ein an den bildgebenden Kern (306, 408) ge-
koppeltes Steuermodul (104), wobei das Steu-
ermodul (104) umfasst

einen Impulsgeber, der ausgestaltet und ange-
ordnet ist, elektrische Signale an den mindes-
tens einen Wandler (312) bereitzustellen, wobei
der Impulsgeber Uber den einen oder die meh-
reren Leiter und den Transformator (414) elek-
trisch an den mindestens einen Wandler (312)
gekoppelt ist, und ein Prozessor (106) ausge-
staltet und angeordnet ist, empfangene elekitri-
sche Signale von dem mindestens einen Wand-
ler (312) zu verarbeiten, um mindestens ein Bild
zu bilden, wobei der Prozessor (106) tber den
einen oder die mehreren Leiter elektrisch anden
mindestens einen Wandler (312) gekoppelt ist.

Revendications

Ensemble de cathéter pour un systéme intravascu-
laire a ultrasons, I'ensemble de cathéter
comprenant :

un cathéter (102, 402) possédant une longueur
longitudinale, une extrémité distale (208) et une
extrémité proximale (206), le cathéter (102)
comprenant un lumen (304, 404) s’étendant le
long de la longueur longitudinale du cathéter
(102), de I'extrémité proximale (206) a I'extré-
mité distale (208) ;

un noyau d’imagerie (306) avec une longueur
longitudinale substantiellement inférieure a la
longueur longitudinale du cathéter (102), le
noyau d’imagerie (306) étant configuré et arran-
gé pour étre inséré dans le lumen (304, 404)
jusqu’a I'extrémité distale (208) du cathéter
(102, 402), le noyau d’imagerie (306, 408) com-
prenant

- un arbre d’entrainement rotatif (310, 410)
possédant une extrémité distale et une ex-
trémité proximale,

- au moins un transducteur disposé a I'ex-
tremité distale de l'arbre d’entrainement
(310, 410) et accouplé a celle-ci,

- au moins un transducteur (312) configuré
et arrangé pour transformer des signaux
électriques appliqués en signaux acousti-
ques, et également pour transformer des si-
gnaux d’écho regus en signaux électriques,
- un transformateur (414),

- au moins un conducteur de noyau d’ima-
gerie (418) accouplant 'au moins un trans-
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ducteur (312) et le transformateur (414), et
- un moteur (416) comprenant un aimant
rotatif (426) et au moins deux enroulements
de champ magnétique (502, 504) disposés
autour d’au moins une partie de I'aimant
(426), 'aimant possédant un axe longitudi-
nal (430) et une ouverture (434) définie le
long de I'axe longitudinal (430) de I' aimant
(426) ;

- au moins un conducteur de cathéter élec-
triquement accouplé au transformateur
(414) ets’étendantjusqu’al’extrémité proxi-
male du cathéter (102, 402) ; et

au moins un conducteur de moteur électrique-
ment accouplé aux enroulements de champ ma-
gnétique (502, 504) et s’étendant jusqu’a I'ex-
trémité proximale du cathéter (102, 402), carac-
térisé en ce que le noyau d’imagerie n’inclut
pas de miroir, en ce que le transformateur est
disposé a I'extrémité proximale de I'arbre d’en-
trainement (310, 410), et en ce que le moteur
(416) est accouplé a l'arbre d’entrainement
(310, 410), entre les un ou plusieurs transduc-
teurs (312) et le transformateur (414).

Ensemble de cathéter selon la revendication 1, dans
lequel le noyau d’imagerie (306, 408) comprend en
outre un dispositif de détection (438), le dispositif de
détection (438) étant configuré et arrangé pour dé-
tecter la position angulaire de I'aimant (426).

Ensemble de cathéter selon la revendication 2, dans
lequel le dispositif de détection (438) est configuré
et arrangé pour contréler une quantité de courant
appliqué aux enroulements de champ magnétique
(502, 504) a 'aide de la position angulaire regue de
I aimant (426).

Ensemble de cathéter selon I'une quelconque des
revendications 1 a 3, dans lequel le cathéter (102,
402) possede un diameétre transversal pas plus
grand qu’un millimétre.

Ensemble de cathéter selon 'une quelconque des
revendications 1 a4, dans lequel au moins I'un parmi
les au moins un conducteur de noyau d’imagerie
(418) ou I'arbre d’entrainement (310, 410) s’étend a
travers I’ ouverture (434) de I’ aimant (426).

Ensemble de cathéter selon 'une quelconque des
revendications 1 a 5, dans lequel le transformateur
(414) comprend un composant rotatif (422) et un
composant stationnaire (424) espacés l'un de
l'autre, dans lequel le composant rotatif (422) est
électriguement accouplé a I'au moins un conducteur
de noyau d’'imagerie (418) et le composant station-
naire (424) est électriquement accouplé al'au moins
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32
un conducteur de cathéter.

Ensemble de cathéter selon les revendications 1 a
6, dans lequel I'aimant (426) est disposé dans un
logement (432).

Ensemble de cathéter selon larevendication 7, dans
lequel le logement (432) est formé a partir d’'un ma-
tériau conducteur, avec une conductivité suffisam-
ment élevée pour soulever 'aimant (426) lorsque
I'aimant tourne a une vitesse angulaire opération-
nelle.

Ensemble de cathéter selon 'une quelconque des
revendications 7 a 8, dans lequel les enroulements
de champ magnétique (502, 504) sont disposés sur
un film fin.

Ensemble de cathéter selon larevendication 9, dans
lequel le film fin est disposé sur le logement (432).

Systéme d'imagerie intravasculaire a ultrasons
(100) comprenant :

I’ensemble de cathéter selon I'une quelconque
des revendications 1 a 10 ; et

un module de contrdle (104) accouplé au noyau
d’'imagerie (306, 408), le module de controle
(104) comprenant

un générateur d’impulsions configuré et arrangé
pour fournir des signaux électriques a I'au moins
un transducteur (312), le générateur d'impul-
sions étant électriquement accouplé a l'au
moins un transducteur (312) par les un ou plu-
sieurs conducteurs et le transformateur (414), et
un processeur (106) configuré et arrangé pour
traiter des signaux électriques regus de la part
de I'au moins un transducteur (312) pour former
au moins une image,

le processeur (106) étant électriquement accou-
plé a 'au moins un transducteur (312) par le
biais des un ou plusieurs conducteurs.
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