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Description
BACKGROUND

[0001] Intravascular Ultrasound (IVUS) has become
an important interventional diagnostic procedure for im-
aging atherosclerosis and other vessel diseases and de-
fects. In the procedure, an IVUS catheter is threaded
over a guidewire into a blood vessel of interest, and im-
ages are acquired of the atherosclerotic plaque and sur-
rounding area using ultrasonic echoes. This information
is much more descriptive than the traditional standard of
angiography, which shows only a two-dimensional shad-
ow of the vessel lumen. Some of the key applications of
IVUS include: determining a correct diameter and length
of a stent to choose for dilating an arterial stenosis, ver-
ifying that a post-stenting diameter and luminal cross-
section area are adequate, verifying that a stent is well
apposed against a vessel wall to minimize thrombosis
and optimize drug delivery (in the case of a drug eluting
stent) and identifying an exact location of side-branch
vessels. In addition, new techniques such as virtual his-
tology (RF signal-based tissue characterization) show
promise of aiding identification of vulnerable plaque (i.e.,
plaque which is prone to rupture and lead to onset of a
heart attack).

[0002] TherearetwotypesofVUS catheters common-
ly in use: mechanical/rotational IVUS catheters and solid
state catheters. In a rotational IVUS catheter, a single
transducer consisting of a piezoelectric crystal is rotated
at approximately 1800 revolutions per minute while the
element is intermittently excited with an electrical pulse.
This excitation causes the element to vibrate at a fre-
quency dependent upon the particulars of the transducer
design. Depending on the dimensions and characteris-
tics of the transducer, this operating frequency is typically
in the range of 8 to 50MHz. In general terms, a higher
frequency of operation provides better resolution and a
smaller catheter, but at the expense of reduced depth of
penetration and increased echoes from the blood (mak-
ing the image more difficult to interpret). A lower frequen-
cy of operation is more suitable for VUS imaging in larger
vessels or within the chambers of the heart.

[0003] The rotational IVUS catheter has a drive shaft
disposed within the catheter body. The transducer is at-
tached to the distal end of the drive shaft. The typical
single element piezoelectric transducer requires only two
electrical leads, with this pair of leads serving two sepa-
rate purposes: (1) delivering the intermittent electrical
transmit pulses to the transducer, and (2) delivering the
received electrical echo signals from the transducer to
the receiver amplifier (during the intervals between trans-
mit pulses). The IVUS catheter is removably coupled to
an interface module, which controls the rotation of the
drive shaft within the catheter body and contains the
transmitter and receiver circuitry for the transducer. Be-
cause the transducer is on a rotating drive shaft and the
transmitter and receiver circuitry is stationary, a device
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must be utilized to carry the transmit pulse and received
echo across a rotating interface. This can be accom-
plished via a rotary transformer, which comprises two
halves, separated by a narrow air gap that permits elec-
trical coupling between the primary and secondary wind-
ings of the transformer while allowing relative motion (ro-
tation) between the two halves. The spinning element
(transducer, electrical leads, and driveshatft) is attached
to the spinning portion of the rotary transformer, while
the stationary transmitter and receiver circuitry contained
in the interface module are attached to the stationary
portion of the rotary transformer.

[0004] The other type of IVUS catheter is a solid state
(or phased array) catheter. This catheter has no rotating
parts, but instead includes an array of transducer ele-
ments (for example 64 elements), arrayed in a cylinder
around the circumference of the catheter body. The in-
dividual elements are fired in a specific sequence under
the control of several small integrated circuits mounted
in the tip of the catheter, adjacent to the transducer array.
The sequence of transmit pulses interspersed with re-
ceipt of the echo signals provides the ultrasound data
required to reconstruct a complete cross-sectional image
of the vessel, similar in nature to that provided by a ro-
tational IVUS device.

[0005] Currently, most IVUS systems rely on conven-
tional piezoelectric transducers, built from piezoelectric
ceramic (commonly referred to as the crystal) and cov-
ered by one or more matching layers (typically thin layers
of epoxy composites or polymers). Two advanced trans-
ducer technologies that have shown promise for replac-
ing conventional piezoelectric devices are the PMUT (Pi-
ezoelectric Micromachined Ultrasonic Transducer) and
CMUT (Capacitive Micromachined Ultrasonic Transduc-
er). PMUT and CMUT transducers may provide improved
image quality over that provided by the conventional pi-
ezoelectric transducer, but these technologies have not
been adopted for rotational IVUS applications due to the
larger number of electrical leads they require, among oth-
er factors.

[0006] There are many potential advantages of these
advanced transducer technologies, some of which are
enumerated here. Both PMUT and CMUT technologies
promise reduced manufacturing costs by virtue of the
fact that these transducers are built using wafer fabrica-
tion techniques to mass produce thousands of devices
on a single silicon wafer. This is an important factor for
a disposable medical device such as an IVUS catheter.
These advanced transducer technologies provide broad
bandwidth (> 100%) in many cases compared to the
30-50% bandwidth available from the typical piezoelec-
tric transducer. This broader bandwidth translates into
improved depth resolution in the IVUS image, and it may
also facilitate multi-frequency operation or harmonic im-
aging, either of which can help to improve image quality
and/or enable improved algorithms for tissue character-
ization, blood speckle reduction, and border detection.
Advanced transducer technologies also offer the poten-
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tial forimproved beam characteristics, either by providing
a focused transducer aperture (instead of the planar, un-
focused aperture commonly used), or by implementing
dynamically variable focus with an array of transducer
elements (in place of the traditional single transducer el-
ement).

[0007] Document US20060084875A1 discloses sys-
tems and methods that allow for the application of a bias
voltage to one or more transducers implemented within
a medical ultrasound imaging system. Bias circuitry is
placed within an imaging device and used to apply a DC
bias to one or more transducers requiring a DC bias to
operate. The one or more transducers can be fabricated
in a semiconductor manufacturing process and integrat-
ed with the bias circuitry on a common semiconductor
substrate. Also provided is a method for operating the
one or more transducers and bias circuitry using a com-
munication channel having two signal lines.

BRIEF SUMMARY

[0008] The present invention provides the enabling
technology allowing advanced transducer technology to
be introduced into a rotational IVUS catheter. This in turn
will provide improved image quality and support ad-
vanced signal processing to facilitate more accurate di-
agnosis of the medical condition within the vessel. All of
this can be achieved in a cost-effective way, possibly at
a lower cost than the conventional technology.

[0009] Embodiments of an intravascular ultrasound
probe are disclosed herein. The probe has features for
utilizing an advanced transducer technology on a rotating
transducer shaft. In particular, the probe accommodates
the transmission of the multitude of signals across the
boundary between the rotary and stationary components
of the probe required to support an advanced transducer
technology. These advanced transducer technologies of-
fer the potential for increased bandwidth, improved beam
profiles, better signal to noise ratio, reduced manufactur-
ing costs, advanced tissue characterization algorithms,
and other desirable features. Furthermore, the inclusion
of electronic components on the spinning side of the
probe can be highly advantageous in terms of preserving
maximum signal to noise ratio and signal fidelity, along
with other performance benefits.

[0010] In a disclosed embodiment, a rotational intra-
vascular ultrasound probe for insertion into a vasculature
is described as claimed in claim 1.

[0011] In yet another disclosed embodiment, an inter-
face module for a rotational intravascular ultrasound
probe for insertion into a vasculature is described as
claimed in claim 7.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Fig. 1 is a simplified fragmentary diagrammatic view
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of a rotational IVUS probe;

Fig. 2 is a simplified fragmentary diagrammatic view
of an interface module and catheter for the rotational
IVUS probe of Fig. 1 incorporating basic ultrasound
transducer technology;

Fig. 3 is a simplified fragmentary diagrammatic view
of an embodiment of an interface module and cath-
eter for the rotational IVUS probe of Fig. 1 incorpo-
rating an advanced ultrasound transducer technol-
ogy;

Fig. 4 is a simplified fragmentary diagrammatic view
of another embodiment of an interface module and
catheter for the rotational IVUS probe of Fig. 1 incor-
porating an advanced ultrasound transducer tech-
nology;

Fig. 5 is a simplified fragmentary diagrammatic view
of another embodiment of an interface module and
catheter for the rotational IVUS probe of Fig. 1 incor-
porating an advanced ultrasound transducer tech-
nology; and

Fig. 6 is a simplified fragmentary diagrammatic view
of another embodiment of an interface module and
catheter for the rotational IVUS probe of Fig. 1 incor-
porating an advanced ultrasound transducer tech-
nology.

DETAILED DESCRIPTION

[0013] Turning to the figures, representative illustra-
tions of rotational intravascular ultrasound (IVUS)
probes, some of which include active spinning elements,
are shown therein. An active spinning element can in-
crease the number of signal paths available for the op-
eration of the transducer so that advanced transducer
technologies, such as PMUT (Piezoelectric Microma-
chined Ultrasonic Transducer) and CMUT (Capacitive
Micromachined Ultrasonic Transducer), can be utilized
with a rotational IVUS probe. In addition, an active spin-
ning element can include active electronics on the rotary
side of the probe.

[0014] Referring specifically to Fig. 1, a rotational in-
travascular ultrasound probe 100 for insertion into a pa-
tient for diagnosticimaging is shown. The probe 100 com-
prises a catheter 101 having a catheter body 102 and a
transducer shaft 104. The catheter body 102 is flexible
and has both a proximal end portion 106 and a distal end
portion 108. The catheter body 102 is a sheath surround-
ing the transducer shaft 104. For explanatory purposes,
the catheter body 102 in Fig. 1 is illustrated as visually
transparent such that the transducer shaft 104 disposed
therein can be seen, although it will be appreciated that
the catheter body 102 may or may not be visually trans-
parent. The transducer shaft 104 is flushed with a sterile
fluid, such as saline, within the catheter body 102. The
fluid serves to eliminate the presence of air pockets
around the transducer shaft 104 that adversely affect im-
age quality. The fluid can also act as a lubricant. The
transducer shaft 104 has a proximal end portion 110 dis-
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posed within the proximal end portion 106 of the catheter
body 102 and a distal end portion 112 disposed within
the distal end portion 108 of the catheter body 102.
[0015] The distal end portion 108 of the catheter body
102 and the distal end portion 112 of the transducer shaft
104 are inserted into a patient during the operation of the
probe 100. The usable length of the probe 100 (the por-
tionthat can be inserted into a patient) can be any suitable
length and can be varied depending upon the application.
The distal end portion 112 of the transducer shaft 104
includes a transducer subassembly 118.

[0016] The proximal end portion 106 of the catheter
body 102 and the proximal end portion 110 of the trans-
ducer shaft 104 are connected to an interface module
114 (sometimes referred to as a patient interface module
or PIM). The proximal end portions 106, 110 are fitted
with a catheter hub 116 that is removably connected to
the interface module 114.

[0017] The rotation of the transducer shaft 104 within
the catheter body 102 is controlled by the interface mod-
ule 114, which provides a plurality of user interface con-
trols that can be manipulated by a user. The interface
module 114 also communicates with the transducer su-
bassembly 118 by sending and receiving electrical sig-
nals to and from the transducer subassembly 118 via
wires within the transducer shaft 104. The interface mod-
ule 114 can receive, analyze, and/or display information
received through the transducer shaft 104. It will be ap-
preciated that any suitable functionality, controls, infor-
mation processing and analysis, and display can be in-
corporated into the interface module 114.

[0018] The transducer shaft 104 includes a transducer
subassembly 118, a transducer housing 120, and a drive
cable 122. The transducer subassembly 118 is coupled
to the transducer housing 120. The transducer housing
120 is attached to the drive cable 122 at the distal end
portion 112 of the transducer shaft 104. The drive cable
122 is rotated within the catheter body 102 via the inter-
face module 114 to rotate the transducer housing 120
and the transducer subassembly 118. The transducer
subassembly 118 can be of any suitable type, including
but not limited to one or more advanced transducer tech-
nologies such as PMUT or CMUT. The transducer sub-
assembly 118 can include either a single transducer or
an array.

[0019] Fig. 2 shows a rotational IVUS probe 200 utiliz-
ing a common spinning element 232. The probe 200 has
a catheter 201 with a catheter body 202 and a transducer
shaft 204. As shown, the catheter hub 216 is near the
proximal end portion 206 of the catheter body 202 and
the proximal end portion 210 of the transducer shaft 204.
The catheter hub 216 includes a stationary hub housing
224, a dog 226, a connector 228, and bearings 230. The
dog 226 mates with a spinning element 232 for alignment
of the hub 216 with the interface module 214 and torque
transmission to the transducer shaft 204. The dog 226
rotates within the hub housing 224 utilizing the bearings
230. The connector 228 in this figure is coaxial. The con-
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nector 228 rotates with the spinning element 232, de-
scribed further herein.

[0020] As shown, the interior of the interface module
214 includes a motor 236, a motor shaft 238, a printed
circuit board (PCB) 240, the spinning element 232, and
any other suitable components for the operation of the
IVUS probe 200. The motor 236 is connected to the motor
shaft 238 to rotate the spinning element 232. The printed
circuit board 240 can have any suitable number and type
of electronic components 242, including but not limited
to the transmitter and the receiver for the transducer.
[0021] The spinning element 232 has a complimentary
connector 244 for mating with the connector 228 on the
catheter hub 216. As shown, the spinning element 232
is coupled to a rotary portion 248 of a rotary transformer
246. Therotary portion 248 of the transformer 246 passes
the signals to and from a stationary portion 250 of the
transformer 246. The stationary portion 250 of the trans-
former 246 is wired to the transmitter and receiver cir-
cuitry on the printed circuit board 240.

[0022] The transformerincludes an insulating wire that
is layered into an annular groove to form a two- or three-
turn winding. Each of the rotary portion 250 and the sta-
tionary portion 248 has a set of windings, such as 251
and 252 respectively. Transformer performance can be
improved through both minimizing the gap between the
stationary portion 250 and the rotary portion 248 of the
transformer 246 and also by placing the windings 251,
252 as close as possible to each other.

[0023] Advanced transducer technologies can require
more than the two conductive signal lines that a single
piezoelectric transducer utilizes on a conventional rota-
tional IVUS probe. Forexample, in addition to signal path-
ways for ultrasound information communicated with the
transducer, certain advanced transducer technologies
also require a power supply in order to operate. In order
to pass the necessary multiple of signals between the
advanced transducer technology and the interface mod-
ule, a suitable structure may be needed to transmit ultra-
sound signals, power, and any other suitable signals
across the boundary between the rotating and stationary
mechanical components. Particularly for ultrasound sig-
nals, the mode of transmission must also maintain relia-
ble signal quality, without excess noise, sufficient for the
interface module to form a reliable image of the target
tissue from the sensitive ultrasound signals. It will be ap-
preciated that any suitable signals can be communicated
across the boundary between the rotating and stationary
mechanical components including, but not limited to, A-
scan RF data, power transmit pulses, low amplitude re-
ceive signals, DC power and/or bias, AC power, and/or
various control signals. The signal transfer across the
boundary between the rotating and stationary mechani-
cal components can have high frequency capability and
broadband response.

[0024] Multiple signal transfer pathways are presented
herein for communicating signals across the boundary
of the rotating and stationary parts. Each of these path-
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ways are explained in further detail herein, and for pur-
poses of discussion and explanation, certain pathways
may be shown in combination with one another. It will be
appreciated, however, that any of these pathways may
be utilized in any suitable combination with one another
to permit any suitable number of total signal pathways.
Furthermore, as will be explained in further detail below,
certain signal transfer pathways can be more conducive
to transmitting either power or other signals, such as ul-
trasound signals.

[0025] Referring to Fig. 3, an embodiment of a rota-
tional IVUS probe 300 having an interface module 314
and catheter 301 suitable for use with an advanced trans-
ducer technology is represented. As shown, the probe
300 has a catheter body 302, a transducer shaft 304, and
acatheter hub 316. The catheter body 302 has a proximal
end 306 and the transducer shaft 304 has a proximal end
310. The catheter hub 316 includes a stationary exterior
housing 324, a dog 326, and a connector 328. The con-
nector 328 is represented with six conductive lines 354
shown in this embodiment. It will be appreciated, how-
ever, that any suitable number of conductive lines can
be utilized.

[0026] As shown, the interior of the interface module
314 can include a motor 336, a motor shaft 338, a main
printed circuit board (PCB) 340, a spinning element 332,
and any other suitable components for the operation of
the IVUS probe 300. The motor 336 is connected to the
motor shaft 338 to rotate the spinning element 332. The
printed circuit board 340 can have any suitable number
and type of electronic components 342.

[0027] The spinning element 332 has a complimentary
connector 344 for mating with the connector 328 on the
catheter hub 316. The connector 344 can have conduc-
tive lines, such as 355, that contact the conductive lines,
such as 354, on the connector 328. As shown, the spin-
ning element 332 is coupled to a rotary portion 348 of a
rotary transformer 346. The rotary portion 348 of the
transformer 346 passes the signals to and from a sta-
tionary portion 350 of the transformer 346. The stationary
portion 350 of the transformer 346 is electrically connect-
ed to the printed circuit board 340.

[0028] In this embodiment, the transformer 346 has
multiple sets of windings for transmitting multiple signals
across the transformer 346. Specifically, as shown, the
rotary portion 348 and the stationary portion 350 of the
transformer 346 each have two sets of windings, such
as windings 352, 353 on the stationary portion 350 and
windings 351, 357 on the rotary portion 348, to transmit
two signals across the transformer 346. In this way, more
signal pathways are available for a probe 300 utilizing an
advanced transducer technology. It will be appreciated
that any suitable number of windings may be used to
transmit any suitable number of signals across the trans-
former 346. In alternative embodiments, planar flex cir-
cuits can be used in place of the windings in the trans-
former. The planar flex circuits can be placed very close
to one another to enhance signal quality.
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[0029] Another consideration for advanced transducer
technologies is that the probe 300 can benefit from the
utilization of certain active electronic components and
circuitry in order to facilitate and/or complement the op-
eration of the transducer. Through active electronic com-
ponents and circuitry on the spinning element 332, more
complex electrical communication can take place be-
tween the interface module 314 and the transducer. Fur-
thermore, by handling certain signal processing functions
on the spinning element 332, the number of signals that
need to pass across the spinning element 332 can, in
some embodiments, be reduced.

[0030] As shown, a printed circuit board 356 can be
coupled to the spinning element 332. The printed circuit
board 356 can have any suitable number of electronic
components 358 coupled thereto. Any suitable number
of printed circuit boards 356 having any suitable number
and type of electronic components 358 can be utilized
on the spinning element 332. The electronic components
on the spinning element 332 allow for signal processing
to take place on the spinning side of the probe 300 before
the signal is communicated across the rotary/stationary
boundary.

[0031] Typically, advanced transducer technologies
require a DC power source. To provide DC power to the
transducer, the spinning element 332 can be fitted with
contacts, such as slip ring contacts 360, 361, which are
respectively engaged by stationary brushes 362, 363
within the interface module 314. Each of the slip rings
360, 361 is coupled to arespective conductive line, such
as 355, in the connector 344.

[0032] In other embodiments, the transducer can be
powered by an AC power source. For example, instead
of using brushes and contacts, AC power can be trans-
mitted through a set of windings in the transformer 346.
Once the power has passed across from the stationary
portion 350 of the transformer 346 to the rotary portion
348 of the transformer 346, it can be passed to a power
supply circuit, such as a diode rectifier, on the spinning
element 332 that rectifies the AC power into DC power.
The rectifier can be coupled to the printed circuit board
356 on the spinning element 332 as one of the electronic
components 358. After the AC power is converted to DC
power, the DC power can be used to power the trans-
ducer, as well as the other electronic components 358
included on printed circuit board 356.

[0033] Turning to Fig. 4, an embodiment of a rotational
IVUS probe 400 having an interface module 414 and
catheter 401 suitable for use with an advanced transduc-
er technology is represented. As shown, the probe 400
has a catheter body 402, a transducer shaft 404, and a
catheter hub 416. The catheter body 402 has a proximal
end portion 406, and the transducer shaft 404 has a prox-
imal end portion 410. The catheter hub 416 includes a
stationary exterior housing 424, a dog 426, and a con-
nector 428. The connector 428 is represented with four
conductive lines 454 shown in this embodiment. It will be
appreciated, however, that any suitable number of con-
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ductive lines can be utilized.

[0034] As shown, the interior of the interface module
414 can include a motor 436, a motor shaft 438, a main
printed circuit board (PCB) 440, a spinning element 432,
and any other suitable components for the operation of
the IVUS probe 400. The motor 436 is connected to the
motor shaft 438 to rotate the spinning element 432. The
printed circuit board 440 can have any suitable number
and type of electronic components 442.

[0035] The spinning element 432 has a complimentary
connector 444 for mating with the connector 428 on the
catheter hub 416. The connector 444 can have conduc-
tive lines, such as 455, that contact the conductive lines,
such as 454, on the connector 428. As shown, the spin-
ning element 432 is coupled to a rotary portion 448 of a
rotary transformer 446. The rotary portion 448 of the
transformer 446 passes the signals to and from a sta-
tionary portion 450 of the transformer. The stationary por-
tion 450 of the transformer 446 is electrically connected
to the printed circuit board 440.

[0036] As shown, the rotary portion 448 and the sta-
tionary portion 450 of the transformer 446 each have a
set of windings 451, 452 to transmit a signal across the
transformer 446. It will be appreciated that any suitable
number of windings may be used to transmit any suitable
number of signals across the transformer 446. In this
embodiment, the transformer 446 can be used to transfer
the ultrasound signal. It will also be appreciated that a
planar flex circuit may be used in place of one or more
of the sets of windings as previously described.

[0037] The probe 400 can benefit from the utilization
of certain electronic components and circuitry in order to
facilitate and/or complement the operation of the trans-
ducer. As shown, one or more printed circuit boards 456,
457 can be coupled to the spinning element 432. The
printed circuit boards 456, 457 can have any suitable
number of electronic components, such as 458 and 459,
coupled thereto. It will be appreciated that any suitable
number of printed circuit boards 456, 457 having any
suitable number and type of electronic components 458,
459 can be utilized on the spinning element 432. Elec-
tronic components on the spinning element 432 allow for
signal processing to take place on the spinning side of
the probe 400 before the signal is communicated across
the rotary/stationary boundary.

[0038] According to the invention, power is provided
to the transducer using a generator mechanism 464 to
generate power locally. As illustrated in the figure, the
generator mechanism 464 includes a generator coil 466
and a plurality of stator magnets 468, 469. The generator
coil 466 can be attached to the spinning element 432 to
rotate with the spinning element432 and generate power.
The power generated is AC power, so a power supply
circuit, such as a diode rectifier, can be used to convert
the AC power into DC power. The rectifier can be coupled
to the printed circuit boards 456, 457 on the spinning
element 432. After rectification, the DC power can be
used to power the transducer as well as the other elec-
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tronic components 458, 459 included on the printed cir-
cuit boards 456, 457. It will be appreciated that any suit-
able generator can be utilized to provide power to the
transducer.

[0039] Another embodiment of a rotational IVUS probe
500 having an interface module 514 and catheter 501
suitable for use with an advanced transducer technology
is represented in Fig. 5. As shown, the probe has a cath-
eter body 502, a transducer shaft 504, and a catheter
hub 516. The catheter body 502 has a proximal end por-
tion 506, and the transducer shaft 504 has a proximal
end portion 510. The catheter hub 516 includes a sta-
tionary exterior housing 524, a dog 526, and a connector
528. The connector 528 is represented with four conduc-
tive lines 554 shown in this embodiment. It will be appre-
ciated, however, that any suitable number of conductive
lines can be utilized.

[0040] As shown, the interior of the interface module
514 can include a motor 536, a motor shaft 538, a main
printed circuit board (PCB) 540, a spinning element 532,
and any other suitable components for the operation of
the IVUS probe 500. The motor 536 is connected to the
motor shaft 538 to rotate the spinning element 532. The
printed circuit board 540 can have any suitable number
and type of electronic components 542.

[0041] The spinning element 532 has a complimentary
connector 544 for mating with the connector on the cath-
eter hub 516. The connector 544 can have conductive
lines, such as 555, that contact the conductive lines, such
as 554, on the connector 528. As shown, the spinning
element 532 is coupled to a rotary portion 548 of a rotary
transformer 546. The rotary portion 548 of the transform-
er 546 passes the signals to and from the stationary por-
tion 550 of the transformer 546. The stationary portion
550 of the transformer 546 is electrically connected to
the printed circuit board 540.

[0042] As shown, the rotary portion 548 and the sta-
tionary portion 550 of the transformer 546 each have one
set of windings 551, 552 to transmit a signal across the
transformer 546. It will be appreciated that any suitable
number of windings 551, 552 may be used to transmit
any suitable number of signals across the transformer
546. In this embodiment, the transformer 546 is used to
transfer AC power. Once the power has passed across
from the stationary portion 550 of the transformer 546 to
the rotary portion 548 of the transformer 546, it can be
passed to a power supply circuit, such as a diode rectifier,
on the spinning element 532 that rectifies the AC power
into DC power. The rectifier can be coupled to the printed
circuitboards 556, 557 on the spinning element532. After
the AC power is converted to DC power, the DC power
can be used to power the transducer as well as the other
electronic components 558, 559 included on the printed
circuit boards 556, 557. It will also be appreciated that a
planar flex circuit may be used in place of one or more
of the sets of windings as previously described.

[0043] As previously mentioned, the probe 500 can
benefit from the utilization of certain electronic compo-
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nents and circuitry in order to facilitate and/or comple-
ment the operation of the transducer. As shown, one or
more printed circuit boards 556, 557 can be coupled to
the spinning element 532. The printed circuit boards 556,
557 can have any suitable number of electronic compo-
nents, such as 558 and 559, coupled thereto. It will be
appreciated that any suitable number of printed circuit
boards 556, 557 having any suitable number and type of
electronic components 558, 559 can be utilized on the
spinning element 532. Electronic components 558, 559
on the spinning element 532 allow for signal processing
to take place on the spinning side of the probe 500 before
the signal is communicated across the rotary/stationary
boundary.

[0044] In this embodiment, an optical coupler 570 is
used to transmit the ultrasound signal. It will be appreci-
ated that any suitable optical coupler may be used. The
optical coupler can have a first end 572 and a second
end 574. The first end 572 can be stationary and receive
optical signals from the second end 574, which can be
coupled directly or indirectly to the spinning element 532.
The ultrasound signal can be transmitted to circuitry on
the printed circuit board 540 or can be carried external
to the interface module 514.

[0045] One illustrative example of how the ultrasound
signal could be communicated over this optical path is
that the printed circuit boards 556, 557 could include a
high speed analog to digital converter (ADC) among elec-
tronic components 558, 559. This ADC would be used
to digitize the ultrasound echo signal and convert the
resultant digital data into a serial bit stream. This serial
data would then be provided to an optical transmitter,
such as a laser diode circuit, also included on printed
circuit boards 558, 559 to transmit the high-speed serial
bit stream over the rotating optical coupler 570 to an op-
tical receiver circuit included on printed circuit board 540
or located remotely from the interface module 514.
[0046] As shown, a structure may be provided that can
provide feedback as to the angular position of the trans-
ducer. For example, an optical device 576 may be pro-
vided that includes a stationary encoder wheel 578 and
an optical detector 580. The optical detector 580 can be
attached to a printed circuit board 557 on the spinning
element 532.

[0047] Another embodiment of arotational IVUS probe
600 having an interface module 614 and catheter 601
suitable for use with an advanced transducer technology
is represented in Fig. 6. As shown, the probe 600 has a
catheter body 602, a transducer shaft 604, and a catheter
hub 616. The catheter body 602 has a proximal end por-
tion 606, and the transducer shaft 604 has a proximal
end portion 610. The catheter hub 616 includes a sta-
tionary exterior housing 624, a dog 626, and a connector
628. The connector is represented with four conductive
lines, such as 654, shown in this embodiment. It will be
appreciated, however, that any suitable number of con-
ductive lines 654 can be utilized.

[0048] As shown, the interior of the interface module
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614 can include a motor 636, a motor shaft 638, a main
printed circuit board (PCB) 640, a spinning element 632,
and any other suitable components for the operation of
the IVUS probe 600. The motor 636 is connected to the
motor shaft 638 to rotate the spinning element 632. The
main printed circuit board 640 can have any suitable
number and type of electronic components 642 including
but not limited to the transmitter and the receiver for the
transducer.

[0049] The spinning element 632 has a complimentary
connector 644 for mating with the connector 628 on the
catheter hub 616. The connector 644 can have conduc-
tive lines, such as 655, that contact the conductive lines,
such as 654, on the connector 628. As shown, the spin-
ning element 632 is coupled to a rotary portion 648 of a
rotary transformer 646. The rotary portion 648 of the
transformer 646 passes the signals to and from the sta-
tionary portion 650 of the transformer 646. The stationary
portion 650 of the transformer 646 is electrically connect-
ed to the printed circuit board 640.

[0050] As shown, the rotary portion 648 and the sta-
tionary portion 650 of the transformer 646 each have a
set of windings 651, 652 to transmit a signal across the
transformer 646. It will be appreciated that any suitable
number of windings may be used to transmit any suitable
number of signals across the transformer 646. In this
embodiment, the transformer 646 is used to transfer AC
power. Once the power has passed across from the sta-
tionary portion 650 of the transformer 646 to the rotary
portion 648 of the transformer 646, it can be passed to
a power supply circuit, such as a diode rectifier, on the
spinning element 632 that rectifies the AC power into DC
power. The rectifier can be coupled to printed circuit
boards 656, 657 on the spinning element 632. After the
AC power is converted to DC power, the DC power can
be used to power the transducer as well as the other
electronic components 658, 659 included on the printed
circuit boards 656, 657. It will also be appreciated that a
planar flex circuit may be used in place of one or more
of the sets of windings as previously described.

[0051] As previously mentioned, the probe can benefit
from the utilization of certain electronic components and
circuitry in order to facilitate and/or complement the op-
eration of the transducer. As shown, one or more printed
circuit boards 656, 657 can be coupled to the spinning
element 632. The printed circuit boards 656, 657 can
have any suitable number of electronic components,
such as 658 and 659, coupled thereto. It will be appreci-
ated that any suitable number of printed circuit boards
656, 657 having any suitable number and type of elec-
tronic components 658, 659 can be utilized on the spin-
ning element 632. Electronic components 658, 659 on
the spinning element 632 allow for signal processing to
take place on the spinning side of the probe 600 before
the signal is communicated across the rotary/stationary
boundary.

[0052] In this embodiment, a wireless communication
mechanism is used to transmit the ultrasound signal. Any
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suitable wireless communication mechanism may be
used including, but not limited to, wireless mechanisms
utilizing radio frequency or infrared. As shown, the wire-
less communication mechanism includes transmitter
and/or receiver components 682 and 684. The transmit-
ter and/or receiver component 682 can be attached to
any suitable location such as the printed circuit board
657 on the spinning element 632. The transmitter and/or
receiver component 684 can likewise be placed in any
suitable location including the main printed circuit board
640 in the interface module 614.

[0053] Therefore, it will be appreciated that signals can
be carried across the rotating and stationary mechanical
components via any suitable mechanism including, but
notlimited to, a transformer, an optical coupler, awireless
communication mechanism, a generator, and/or brush-
es/contacts. In certain embodiments, a transformer, an
optical coupler, and/or a wireless communication mech-
anism can be utilized to carry signals such as an ultra-
sound signal. In certain embodiments, a transformer, a
power generator, and/or brushes/contacts can be utilized
to convey power to the transducer.

[0054] Furthermore, the spinning element can have
one or more printed circuit boards with a suitable number
and type of active electronic components and circuitry,
thus making the spinning element an active spinning el-
ement. Examples of electronic components that can be
utilized with the active spinning element include, but are
not limited to, power supply circuits (such as a generator,
rectifier, regulator, high voltage step-up converter, etc.),
transmitters (including tripolar transmitters), time-gain-
control (TGC) amplifiers, amplitude and/or phase detec-
tors, ADC converters, optical transceivers, encoder cir-
cuits, wireless communication components, microcon-
trollers, and any other suitable components. In addition,
the spinning element can include encoder and timing log-
ic suchthatit caninternally generate the transmit triggers,
and thus, eliminate the need to communicate a timing
signal across the spinning element. Through the embod-
iments described herein, excellent image quality is pos-
sible including wide bandwidth, frequency-agility, low
ringdown, focused beam (including dynamically focused
beam), and harmonic capability.

[0055] Asmentioned, any suitable advanced transduc-
er technology may be used, including but not limited to
PMUT and CMUT transducers, either as single transduc-
ers or arrays. As an example, a PMUT transducer can
be formed by depositing a piezoelectric polymer (such
as polyvinylidene fluoride - PVDF) onto a micromachined
silicon substrate. The silicon substrate can include an
amplifier and protection circuit to buffer the signal from
the PVDF transducer. It can be important to include the
amplifier immediately adjacent to the PVDF element be-
cause the capacitance of the electrical cables can damp-
en the signal from the high impedance PVDF transducer.
The amplifier typically requires DC power, transmit in-
put(s), and amplifier output connections. The PVDF
transducer can be a focused transducer to provide ex-
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cellent resolution.

[0056] As mentioned above, having an active spinning
element, such as is described herein, permits the utiliza-
tion of an advanced transducer technology on a rotational
IVUS probe. In addition, having an active spinning ele-
ment can facilitate certain advanced operations of the
probe. The enhanced bandwidth of the probe utilizing the
active spinner permits the probe to obtain information at
a plurality of different frequencies. By way of example
and not limitation, the probe can be utilized to obtain ul-
trasound information taken at two diverse frequencies,
such as 20 MHz and 40 MHz. It will be appreciated that
any suitable frequency and any suitable quantity of fre-
quencies may be used.

[0057] Generally, lower frequency information facili-
tates a tissue versus blood classification scheme due to
the strong frequency dependence of the backscatter co-
efficient of the blood. Higher frequency information gen-
erally provides better resolution at the expense of poor
differentiation between blood speckle and tissue, which
can make it difficult to identify the lumen border. Thus, if
information is obtained at a lower frequency and a higher
frequency, then an algorithm can be utilized to interleave
and display the two data sets to obtain frequency-diverse
information that is closely aligned in time and space. In
result, a high resolution ultrasound image can be pro-
duced with clear differentiation between blood and tissue
and accurate delineation of vessel borders.

[0058] The typical 512 A-lines that compose a single
frame of an image can be interspersed into alternating
high and low frequency A-lines. As an example, a 20MHz
image can show the blood as black and the tissue as
gray, while the 40MHz image can show the blood and
tissue as gray and barely, if at all, distinguishable from
one another. It can be recognized through a provided
algorithm that black in 20MHz and gray at 40 MHz is
blood, gray at both frequencies is tissue, and black at
both frequencies is clear fluid. The broadband capability
of advanced transducer technologies, such as PMUT,
facilitated by the active spinning element, can allow for
closely interleaved A-lines of two or more different center
frequencies, possibly including pulse-inversion A-line
pairs to generate harmonic as well as fundamental infor-
mation, which is then combined to provide a robust clas-
sification scheme for tissue versus blood.

[0059] The dualfrequency blood classification scheme
can befurther enhanced by other blood speckle reduction
algorithms such as motion algorithms (such as Chroma-
Flo, Q-Flow, etc.), temporal algorithms, harmonic signal
processing, etc. It will be appreciated that any suitable
algorithm can be used.

[0060] Besides intravascular ultrasound, other types
of ultrasound catheters can be made using the teachings
provided herein. By way of example and not limitation,
other suitable types of catheters include non-intravascu-
lar intraluminal ultrasound catheters, intracardiac echo
catheters, laparoscopic, and interstitial catheters. In ad-
dition, the probe may be used in any suitable anatomy,
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including, but not limited to, coronary, carotid, neuro, pe-
ripheral, or venous.

[0061] Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring in-
dividually to each separate value falling within the range,
unless otherwise indicated herein, and each separate
value is incorporated into the specification as if it were
individually recited herein.

[0062] It will be appreciated that like reference num-
bers and/or like shown features in the figures can repre-
sent like features. It will be appreciated that discussions
of like reference numbers and/or like shown features in
any embodiment may be applicable to any other embod-
iment.

[0063] lllustrative embodiments of a rotational 1IVUS
probe incorporating an advanced ultrasound transducer
technology are described herein. Variations of the dis-
closed embodiments will be apparent to those of ordinary
skill in the art in view of the foregoing illustrative exam-
ples. Those skilled in the relevant art will employ such
variations as appropriate. The invention is therefore not
intended to be limited to the examples described herein,
but rather defined by the appended claims.

Claims

1. A rotational intravascular ultrasound probe (100,
200, 300, 400, 500, 600) for insertion into a vascu-
lature, the probe comprising:

an elongate catheter (101, 201, 301, 401, 501,
601) having a flexible body (102, 202, 302, 402,
502, 602), an elongate transducer shaft (104,
204, 304, 404, 504, 604) disposed within the
flexible body, the transducer shaft having a drive
cable (122) and a PMUT or CMUT transducer
coupled to the drive cable at a distal end portion
of the transducer shaft, and proximal connector
(228, 328, 428, 528, 628) at or adjacent a prox-
imal end portion of the flexible body; and

an interface module (114, 214, 314, 414, 514,
614) configured to interface with the proximal
connector of the elongate catheter;
characterised in that the interface module in-
cludes:

a spinning element (132, 232, 332, 432,
532, 632) comprising a connector (244,
344,444,544, 644) configured to be fixedly
coupled to the proximal connector on the
proximal portion of the transducer shaft, the
spinning element having an electronic com-
ponent coupled thereto such that when the
spinning element is fixedly coupled to the
proximal portion of the transducer shaft the
electronic componentis in electrical contact
with the transducer;
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a stationary element (250, 350, 450, 550,
650) positioned adjacent to and spaced
from the spinning element, wherein the sta-
tionary element is configured to pass sig-
nals to the spinning element and receive
signals from the spinning element; and

a motor coupled (236, 336, 436, 536, 636)
to the spinning element for rotating the spin-
ning elementand the transducer shaft when
the spinning element is fixedly coupled to
the proximal portion of the transducer shaft;
and

wherein the spinning element includes a
generator (464) for generating power for the
transducer.

The rotational intravascular ultrasound probe of
claim 1, wherein the spinning element has a printed
circuit board (356, 456, 457, 556, 557, 656, 657),
and the electronic component is attached to the print-
ed circuit board.

The rotational intravascular ultrasound probe of
claim 1 wherein the electronic component is selected
from the group consisting of a transmitter, a time-
gain-control amplifier, an amplitude detector, a
phase detector, an analog to digital converter, an
optical transceiver, an encoder circuit, a wireless
communication component, and a microcontroller.

The rotational intravascular ultrasound probe of
claim 1 further comprising a rotary transformer (246,
346, 446, 546, 646).

The rotational intravascular ultrasound probe of
claim 1 further comprising a printed circuitboard hav-
ing an algorithm stored thereon for interleaving data
obtained at different frequencies from the transduc-
er.

The rotational intravascular ultrasound probe of
claim 1 further comprising at least three conductive
lines (354, 355, 454, 455, 554, 555, 654, 655) elec-
trically connecting the spinning element to the trans-
ducer.

An interface module (114, 214, 314, 414, 514, 614)
for a rotational intravascular ultrasound probe (100,
200, 300, 400, 500, 600) for insertion into a vascu-
lature, the interface module comprising:

a connector for attachment to a proximal portion of
a catheter having a transducer shaft (104, 204, 304,
404, 504, 604) with a PMUT or CMUT transducer,
the connector (244, 344, 444, 544, 644) configured
to fixedly engage with a complementary connector
(228, 328, 428, 528, 628) on the proximal portion of
the transducer shaft such that the connector is in
electrical communication with the transducer;
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characterisedin that the interface module includes:

a spinning element (132, 232, 332, 432, 532,
632) fixedly coupled to the connector, the spin-
ning element having an electronic component
coupled thereto that is in electrical contact with
the connector such that when the connector is
fixedly engaged with the complementary con-
nector on the transducer shaft the electronic
component is in electrical communication with
the transducer;

a stationary element (250, 350, 450, 550, 650)
positioned adjacentto and spaced from the spin-
ning element, wherein the stationary element is
configured to pass signals to the spinning ele-
ment and receive signals from the spinning el-
ement; and

a motor (236, 336, 436, 536, 636) coupled to the
spinning element for rotating the spinning ele-
ment and the connector such that, when the con-
nector is fixedly engaged with the complemen-
tary connector on the transducer shaft, the trans-
ducer shaft rotates with the spinning element
and the connector; and

wherein the spinning element includes a gener-
ator (464) for generating power for the transduc-
er.

The interface module (114,214, 314,414,514, 614)
of claim 7, wherein the spinning element has a print-
ed circuit board (356, 456, 457, 556, 557, 656, 657),
and the electronic component is attached to the print-
ed circuit board, or wherein the spinning element is
attached to an optical coupler, or wherein the spin-
ning elementincludes a slip ring contact for a brush.

The interface module of claim 7 wherein the elec-
tronic component is selected from the group consist-
ing of a transmitter, a time-gain-control amplifier, an
amplitude detector a phase detector, an analog to
digital converter, an optical transceiver, an encoder
circuit, a wireless communication component, and a
microcontroller.

The interface module of claim 7 further comprising
a rotary transformer (246, 346, 446, 546, 646).

The interface module of claim 7 further comprising
a printed circuit board having an algorithm stored
thereon for interleaving data obtained at different fre-
quencies from the transducer.

The interface module of claim 7, wherein the con-
nector includes at least three conductive lines (354,
355, 454, 455, 554, 555, 654, 655) electrically con-
nected to the spinning element.
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Patentanspriiche

Intravaskulare Rotationsultraschallsonde (100, 200,
300, 400, 500, 600) zur Einfiihrung in ein Gefalsys-
tem, wobei die Sonde Folgendes umfasst:

einen langlichen Katheter (101, 201, 301, 401,
501, 601) mit einem flexiblen Kérper (102, 202,
302,402,502, 602), wobei eine langliche Wand-
lerwelle (104, 204, 304, 404, 504, 604) in dem
flexiblen Koérper angeordnet ist, wobei die
Wandlerwelle ein Antriebskabel (122) und einen
mit dem Antriebskabel an einem distalen En-
dabschnitt der Wandlerwelle gekoppelten
PMUT- oder CMUT-Wandler, und einen proxi-
malen Verbinder (228, 328, 428, 528, 628) bei
einem oder angrenzend an einen proximalen
Endabschnitt des flexiblen Kérpers aufweist;
und

ein Schnittstellenmodul (114, 214, 314, 414,
514, 614), das konfiguriert ist, um eine Schnitt-
stelle mit dem proximalen Verbinder des langli-
chen Katheters zu bilden;

dadurch gekennzeichnet, dass das Schnitt-
stellenmodul Folgendes umfasst:

ein Rotationselement (132, 232, 332, 432,
532, 632) umfassend einen Verbinder (244,
344,444,544, 644), der konfiguriert ist, um
fest mit dem proximalen Verbinder an dem
proximalen Abschnitt der Wandlerwelle ge-
koppelt zu werden, wobei das Rotationse-
lement ein elektronisches Bauelement auf-
weist, die derartig hiermit gekoppelt ist,
dass sich das elektronische Bauelement,
wenn das Rotationselement fest mit dem
proximalen Abschnitt der Wandlerwelle ge-
koppeltist, in elektrischem Kontakt mit dem
Wandler befindet;

ein stationares Element (250, 350, 450,
550, 650), das angrenzend an oder beab-
standet von dem Rotationselement positio-
niert ist, wobei das stationare Element kon-
figuriert ist, um Signale an das Rotationse-
lement weiterzuleiten und Signale von dem
Rotationselement zu empfangen; und
einen mit dem Rotationselement gekoppel-
ten Motor (236, 336, 436, 536, 636) zum
Drehen des Rotationselements und der
Wandlerwelle, wenn das Rotationselement
fest mit dem proximalen Abschnitt der
Wandlerwelle gekoppelt ist; und

wobei das Rotationselement einen Gene-
rator (464) zum Erzeugen von Energie flr
den Wandler umfasst.

Intravaskulare Rotationsultraschallsonde nach An-
spruch 1, wobei das Rotationselement eine Leiter-
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platte (356, 456, 457, 556, 557, 656, 657) aufweist
und das elektronische Bauelement an der Leiterplat-
te angebracht ist.

Intravaskulédre Rotationsultraschallsonde nach An-
spruch 1, wobei das elektronische Bauelement aus-
gewahlt ist aus der Gruppe bestehend aus einem
Sender, einem Zeit-Verstarkungs-Regelverstarker,
einem Amplitudendetektor, einem Phasendetektor,
einem Analog-Digital-Umsetzer, einem optischen
Transceiver, einer Codierschaltung, einer drahtlo-
sen Kommunikationskomponente und einem Mikro-
controller.

Intravaskulare Rotationsultraschallsonde nach An-
spruch 1, die ferner einen Rotationstransformator
(246, 346, 446, 546, 646) umfasst.

Intravaskulare Rotationsultraschallsonde nach An-
spruch 1, die ferner eine Leiterplatte umfasst, auf
der ein Algorithmus zum Verschachteln der mit ver-
schiedenen Frequenzen von dem Wandler erhalte-
nen Daten gespeichert ist.

Intravaskulédre Rotationsultraschallsonde nach An-
spruch 1, die ferner mindestens drei leitfahige Lei-
tungen (354, 355, 454, 455, 554, 555, 654, 655) um-
fasst, die das Rotationselement elektrisch mit dem
Wandler verbinden.

Schnittstellenmodul (114, 214, 314, 414, 514, 614)
fir eine intravaskuldre Rotationsultraschallsonde
(100, 200, 300, 400, 500, 600) zur Einfihrung in ein
Gefalsystem, wobei das Schnittstellenmodul Fol-
gendes umfasst:

einen Verbinder zur Anbringung an einem pro-
ximalen Abschnitt eines Katheters mit einer
Wandlerwelle (104, 204, 304, 404, 504, 604) mit
einem PMUT- oder CMUT-Wandler, wobei der
Verbinder (244, 344, 444, 544, 644) konfiguriert
ist, um fest in einen komplementaren Verbinder
(228, 328, 428, 528, 628) am proximalen Ab-
schnitt der Wandlerwelle einzugreifen, so dass
der Verbinder mit dem Wandler in elektrischer
Kommunikationsverbindung steht;

dadurch gekennzeichnet, dass das Schnitt-
stellenmodul Folgendes umfasst:

ein Rotationselement (132, 232, 332, 432,
532, 632), das fest mit dem Verbinder ge-
koppeltist, wobei das Rotationselement ein
hiermit gekoppeltes elektronisches Bauele-
ment aufweist, das sich in elektrischem
Kontakt mit dem Verbinder befindet, so
dass das elektronische Bauelement, wenn
der Verbinder fest mit dem komplementa-
ren Verbinder an der Wandlerwelle in Ein-
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griff ist, in elektrischer Kommunikationsver-
bindung mit dem Wandler steht;

ein stationdres Element (250, 350, 450,
550, 650), das angrenzend an oder beab-
standet von dem Rotationselement positio-
niert ist, wobei das stationare Element kon-
figuriert ist, um Signale an das Rotationse-
lement weiterzuleiten und Signale von dem
Rotationselement zu empfangen; und
einen mit dem Rotationselement gekoppel-
ten Motor (236, 336, 436, 536, 636) zum
Drehen des Rotationselements und des
Verbinders derartig, dass sich die Wandler-
welle mit dem Rotationselement und dem
Verbinder dreht, wenn der Verbinder fest
mit dem komplementaren Verbinder an der
Wandlerwelle in Eingriff ist; und

wobei das Rotationselement einen Gene-
rator (464) zum Erzeugen von Energie flr
den Wandler umfasst.

Schnittstellenmodul (114, 214, 314, 414, 514, 614)
nach Anspruch 7, wobei das Rotationselement eine
Leiterplatte (356, 456, 457, 556, 557, 656, 657) auf-
weist und das elektronische Bauelement an der Lei-
terplatte angebracht ist, oder wobei das Rotations-
element an einem Optokoppler angebracht ist, oder
wobei das Rotationselement einen Schleifringkon-
takt fir eine Birste einschliel3t.

Schnittstellenmodul nach Anspruch 7, wobei das
elektronische Bauelement ausgewabhlt ist aus der
Gruppe bestehend aus einem Sender, einem Zeit-
Verstarkungs-Regelverstarker, einem Amplituden-
detektor, einem Phasendetektor, einem Analog-Di-
gital-Umsetzer, einem optischen Transceiver, einer
Codierschaltung, einerdrahtlosen Kommunikations-
komponente und einem Mikrocontroller.

Schnittstellenmodul nach Anspruch 7, ferner umfas-
send einen Rotationstransformator (246, 346, 446,
546, 646).

Schnittstellenmodul nach Anspruch 7, ferner umfas-
send eine Leiterplatte, auf der ein Algorithmus zum
Verschachteln der mit verschiedenen Frequenzen
von dem Wandler erhaltenen Daten gespeichert ist.

Schnittstellenmodul nach Anspruch 7, wobei der
Verbinder mindestens drei leitfahige Leitungen (354,
355, 454, 455, 554, 555, 654, 655) umfasst, die mit
dem Rotationselement elektrisch verbunden sind.

Revendications

1.

Sonde ultrasonore intravasculaire rotative (100, 200,
300, 400, 500, 600) pour une insertion dans un sys-
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téme vasculaire, la sonde comprenant :

un cathéter allongé (101, 201, 301, 401, 501,
601) ayant un corps

flexible (102, 202, 302, 402, 502, 602), un arbre
de transducteur

allongé (104, 204, 304, 404, 504, 604) disposé
dans le corps flexible, I'arbre de transducteur
ayant un cable moteur (122) et un transducteur
PMUT ou CMUT couplé au cable moteur sur
une partie d’extrémité distale de I'arbre de trans-
ducteur, et un connecteur proximal (228, 328,
428,528, 628) sur ou adjacent a une partie d’ex-
trémité proximale du corps flexible ; et

un module d’interface (114, 214, 314, 414, 514,
614) configuré pour constituer une interface
avec le connecteur proximal du cathéter
allongé ;

caractérisé en ce que le module d’interface
inclut :

un élément tournant (132, 232, 332, 432,
532, 632) comprenant un connecteur (244,
344,444,544, 644) configuré pour étre cou-
plé fixement au connecteur proximal sur la
partie proximale de I'arbre de transducteur,
I'élément tournant ayant un composant
électronique couplé a celui-ci de sorte que
lorsque I'élément tournant est couplé fixe-
ment a la partie proximale de l'arbre de
transducteur, le composant électronique
est en contact électrique avec le
transducteur ;

un élément stationnaire (250, 350, 450,
550, 650) positionné au niveau adjacent par
rapport a I'élément tournant et a distance
de celui-ci, dans laquelle I'élément station-
naire est configuré pour faire passer des si-
gnaux a I'élément tournant et recevoir des
signaux de I'élément tournant ; et

un moteur couplé (236, 336, 436, 536, 636)
aI'élément tournant pour faire tourner I'élé-
ment tournant et I'arbre de transducteur
lorsque I'élément tournant est couplé fixe-
ment a la partie proximale de l'arbre de
transducteur ; et

dans laquelle I'élément tournant inclut un
générateur (464) pour générer de I'énergie
pour le transducteur.

Sonde ultrasonore intravasculaire rotative selon la
revendication 1, dans laquelle I'élément tournant a
une carte de circuit

imprimé (356, 456, 457, 556, 557, 656, 657) et le
composant électronique est fixé a la carte de circuit
imprimé.

Sonde ultrasonore intravasculaire rotative selon la
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revendication 1, dans laquelle le composant électro-
nique est sélectionné dans le groupe consistant en
un transmetteur, un amplificateur a contréle de gain
par rapport au temps, un détecteur d’amplitude, un
détecteur de phase, un convertisseur analogique-
numérique, un émetteur-récepteur optique, un cir-
cuit codeur, un composant de communication sans
fil, et un microcontréleur.

Sonde ultrasonore intravasculaire rotative selon la
revendication 1, comprenant en outre un transfor-
mateur rotatif (246, 346, 446, 546, 646).

Sonde ultrasonore intravasculaire rotative selon la
revendication 1, comprenant en outre une carte de
circuit imprimé ayant un algorithme stocké sur celui-
ci pour I'entrelacement de données obtenues a dif-
férentes fréquences du transducteur.

Sonde ultrasonore intravasculaire rotative selon la
revendication 1, comprenant en outre au moins trois
lignes

conductrices (354, 355, 454, 455, 554, 555, 654,
655) connectant électriquement I’élément tournant
au transducteur.

Module d’interface (114, 214, 314, 414, 514, 614)
pour une sonde ultrasonore intravasculaire rotative
(100, 200, 300, 400, 500, 600) pour une insertion
dans un systéme vasculaire, le module d’interface
comprenant :

un connecteur pour une fixation a une partie
proximale d’'un cathéter ayant un arbre de trans-
ducteur (104, 204, 304, 404, 504, 604) avec un
transducteur PMUT ou CMUT, le connecteur
(244, 344, 444, 544, 644) étant configuré pour
étre en prise fixement avec un connecteur com-
plémentaire (228, 328,428, 528, 628) surla par-
tie proximale de I'arbre de transducteur de sorte
que le connecteur est en communication élec-
trique avec le transducteur ;

caractérisé en ce que le module d’interface
inclut :

un élément tournant (132, 232, 332, 432,
532, 632) couplé fixement au connecteur,
'élément tournant ayant un composant
électronique couplé a celui-ci qui esten con-
tact électrique avec le connecteur de telle
sorte que, lorsque le connecteur est en prise
fixementavec le connecteur complémentai-
re sur 'arbre de transducteur, le composant
électronique est en communication électri-
que avec le transducteur ;

un élément stationnaire (250, 350, 450,
550, 650) positionné au niveau adjacent par
rapport a I'élément tournant et a distance
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de celui-ci, dans lequel I'élément stationnai-
re est configuré de fagon a faire passer des
signaux aI'élément tournant et recevoir des
signaux de I'élément tournant ; et

un moteur (236, 336, 436, 536, 636) couplé
al'élément tournant pour faire tourner I'élé-
menttournant etle connecteur de sorte que,
lorsque le connecteur est en prise fixement
avecle connecteur complémentaire surl'ar-
bre de transducteur, I'arbre de transducteur
tourne avec [I'élément tournant et le
connecteur ; et

dans lequel I'élément tournant inclut un gé-
nérateur (464) pour générer de I'énergie
pour le transducteur.

Module d’interface (114, 214, 314, 414, 514, 614)
selon la revendication 7, dans lequel I'élément tour-
nant a une carte de circuit imprimé (356, 456, 457,
556, 557,656, 657) et le composant électronique est
fixé a la carte de circuitimprimé, ou dans lequel I'élé-
ment tournant est fixé a un coupleur optique ou dans
lequel I'élément tournant inclut un contact a bague
glissante pour une brosse.

Module d’interface selon la revendication 7, dans le-
quel le composant électronique est sélectionné dans
le groupe consistant en un transmetteur, un amplifi-
cateur a contrdle de gain par rapport au temps, un
détecteur d’amplitude, un détecteur de phase, un
convertisseur analogique-numérique, un émetteur-
récepteur optique, un circuit codeur, un composant
de communication sans fil, et un microcontréleur.

Module d’interface selon larevendication 7, compre-
nant en outre un transformateur rotatif (246, 346,
446, 546, 646).

Module d’interface selon larevendication 7, compre-
nant en outre une carte de circuit imprimé ayant un
algorithme stocké sur celui-ci pour I'entrelacement
de données obtenues a différentes fréquences du
transducteur.

Module d’interface selon la revendication 7, dans le-
quel le connecteur inclut au moins trois lignes con-
ductrices (354, 355, 454, 455, 554, 555, 654, 655)
connecté électriquement a I'élément tournant.
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