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Description

FIELD OF THE DISCLOSURE

[0001] This disclosure concerns devices for using ul-
trasound within the body of a patient. In particular, it con-
cerns features that allow for efficient reciprocation of an
ultrasound beam in small body areas, such as within
blood vessels.

BACKGROUND

[0002] Ultrasound technology has been used for ther-
apeutic and diagnostic medical procedures, which can
include providing imaging of internal portions of a body.
Ultrasound procedures typically use a transducer assem-
bly to transmit and/or receive signals. In some cases, a
stationary transducer assembly can view a full image ar-
ea due to the particular positioning or electronic steering
of the multiple ultrasound elements in an array. In other
designs three-dimensional ultrasound images may be
acquired by one-dimensional arrays connected to a me-
chanical actuator, to move the arrays within the body.
Such designs are expensive and can result in a device
too large for some vascular or other uses. To achieve
good image quality, array transducers must sequentially
transmit and receive on many separate channels. That
condition requires many expensive and bulky coaxial ca-
bles. Fewer coaxial cables can be used, but doing so
reduces the quality of the image and image frame rate.
[0003] Designs have been proposed including a rotat-
ing transducer assembly. Data is obtained by the trans-
ducer assembly emitting sequential ultrasound pulses at
changing rotational positions. Advantages of the single-
element rotational design when compared to an array
design include smaller catheter diameter, better image
quality, possible higher center frequency, lower cost for
the ultrasound imaging console, and less ring down ar-
tifacts (dead zone). However, these designs present
problems with performing ultrasound procedures in a
plane which is parallel to the catheter axis or when per-
forming three-dimensional scans, as it is necessary to
rotate the transducer about an axis perpendicular to the
catheter axis. Because full 360° rotation in elevation is
typically not desirable, reciprocal motion is required.
[0004] Single element designs can also include certain
disadvantages, such as non-uniform rotational distortion
(NURD). During imaging procedures including a single
element design, the ultrasound element is typically rotat-
ed with a torque cable. Ultrasound pulses are emitted in
an even-spaced time-sequential manner under the ex-
pectation of a uniform rotation rate of the ultrasound el-
ement. Each reflected ultrasound echo signal represents
a portion or scan line of an image. An image processor
assembles the data based on the assumption that the
data points represent images from evenly-spaced puls-
es. However, it can be difficult to achieve a uniform ro-
tation rate for the ultrasound element when using a torque

cable as a driving means. The ultrasound element can
be around one meter from the driving end of the torque
cable. Ideally, the torque cable will have sufficient stiff-
ness to provide uniform rotation at both ends while si-
multaneously allowing maneuverability. However, as a
practical matter a sufficiently maneuverable torque cable
creates a potential for delay in the transferring of torque
from one end of the cable to the other, as the cable stores
and releases elastic energy, which can cause the trans-
ducer assembly to rotate at a non-uniform rate even when
the rotation source rotates at a uniform rate. The non-
uniform rotation rate causes the resulting images to be
distorted.
[0005] Thus, there is a need to have an ultrasound sys-
tem design that could be integrated with a catheter, that
is cost effective, small in size, and which produces im-
ages free from NURD artifacts and blocked viewing ar-
eas.
[0006] US 2007/0062290 discloses a drive mechanism
for a mechanically scanned ultrasound transducer or
wobbler. The size, weight, and shape of a wobbler trans-
ducer are more optimized by positioning a drive shaft of
a motor orthogonal to an array rather than parallel with
the array. Different devices may be used for transferring
the force of the rotational movement of the motor to the
array. A linear bushing transfers rotation motion of an
arm connected with a motor to rotational motion of an
arm connected with an array in one such device. In an-
other device, a cam transfers rotational motion of the
motor to rotational motion of the array.
[0007] EP-A-0,129,878 discloses an ultrasonic probe
having dual-motion transducer swingably mounted on a
drive shaft which is given a swinging transversal move-
ment and a reciprocating longitudinal movement. The
transducer emits an acoustic beam which is steered in a
raster format in response to the swing and reciprocating
motions. Echos returning from objects contain diagnostic
date of a three-dimensional space. All the components
are encased in a toothbrush-like housing having a head
portion, an intermediate portion and a hand-grip portion.
The dual motions are provided by a drive mechanism
accommodated in the hand-grip portion and the trans-
ducer is accommodated in the head portion. The drive
shaft extends through the intermediate portion.

SUMMARY

[0008] According to an aspect of the present invention,
there is provided a medical device as specified in claim 1.
[0009] One solution could be to use a motor which pro-
vides reciprocating motion of the transducer assembly
on the catheter axis as well as on an axis perpendicular
to the catheter axis which eliminates the need for a ro-
tating mechanical/electrical coupling. However, provid-
ing a reciprocating motion with a motor necessitates a
powerful motor and complex feedback control systems.
[0010] Among other things, there are disclosed em-
bodiments of devices for use in internal ultrasound pro-
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cedures. For example, a medical device includes a uni-
directional rotary motor, a bidirectional ultrasound trans-
ducer, and a unidirectional-to-bidirectional gearing as-
sembly operatively disposed between the motor and the
transducer. Additionally, a device for internal ultrasound
treatment can include a rotary motor operatively coupled
with a drive shaft, wherein the drive shaft is positioned
radially inward of the motor and extends substantially
along a rotation axis, so that operation of the motor ro-
tates the drive shaft around the rotation axis. A transducer
assembly configured for transmitting and/or receiving ul-
trasound signals is included. A gearing assembly is con-
figured to convert between unidirectional rotation and si-
multaneous reciprocating rotation and includes an inter-
nal gear and first and second external gears. The first
and second external gears are interengaged with each
other. The internal gear is positioned to rotate about the
rotation axis. The gearing assembly is operatively cou-
pled with the first drive shaft and the transducer. The
internal gear has a first toothed portion and a first un-
toothed portion and is disposed so that during rotation of
the internal gear the first toothed portion alternately en-
gages the first and second external gears.
[0011] The device also can include a diametric first ex-
ternal gear and a diametric second external gear. The
diametric first external gears positioned radially opposite
to the first external gear and the diametric second exter-
nal gear is positioned radially opposite to the second ex-
ternal gear. The diametric first external gear engages
both second external gear and the diametric second ex-
ternal gear. The diametric second external gear engages
both the first external gear and the diametric first external
gear. The configuration of the external gears creates a
radially central aperture which follows the rotation axis
through the gearing assembly. The device can include a
conduction pathway which extends from the transducer
through the aperture.
[0012] The device can include a second drive shaft op-
eratively disposed between the transducer and the gear-
ing assembly. The first drive shaft can include a first lu-
men running therethrough and the second drive shaft
can include a second lumen running therethrough. The
first drive shaft can be operatively connected with the
internal gear such that the conduction pathway extends
from the transducer through the first and second lumens.
[0013] The device can include a third external gear and
a driving gear such that the third external gear is disposed
rotate coaxially and in response to rotation of the second
external gear. The driving gear can be interengaged with
the third external gear and disposed to rotate about the
rotation axis. The driving gear can include a radially cen-
tral hole such that the conduction pathway extends
through the hole. The second drive shaft can be opera-
tively connected with the driving gear.
[0014] The internal gear can include a second toothed
portion positioned radially opposite of the first toothed
portion. The first and second toothed portions can have
an arc length (L) defined by the formula L = θr, where r

is the radius measured from the rotation axis to toothed
portion, and where θ ≤ 90°. The device can be mounted
in a catheter. The device can be configured such that the
transducer rotates reciprocatingly through a range of at
least 360° in each direction.
[0015] A device as claimed for internal ultrasound can
include a first motor operatively coupled with a first drive
shaft such that the first drive shaft extends substantially
along a rotation axis and wherein operation of the first
motor rotates the first drive shaft about the rotation axis.
A transducer is configured for transmitting and/or receiv-
ing ultrasound signals and is disposed to rotate about a
pivot axis which is substantially perpendicular to the ro-
tation axis. The first drive shaft includes a cam surface
disposed to impart pivotal motion to the transducer when
the first drive shaft rotates. The device can include an
elongated slot positioned to receive the cam surface such
that the cam surface is positioned on a part of the first
drive shaft which is bent at an angular offset relative to
the rotation axis. The device can include a cam plate
such that the elongated slot is situated in the cam plate
and wherein the cam plate extends from a surface of the
transducer.
[0016] The device includes a second motor operatively
coupled with a second drive shaft which includes a lumen
extending therethrough such that the second drive shaft
extends substantially along the rotation axis and wherein
operation of the second motor rotates the second drive
shaft about the rotation axis. The transducer is opera-
tively connected with the second drive shaft such that a
difference between the rotational speed of the first motor
and the rotational speed of the second motor determines
the rotational speed of the transducer about the pivot
axis. The first and second drive shafts can be positioned
concentrically. The first motor can be movable along the
rotation axis such that movement of the first motor along
the rotation axis changes the rotational range of motion
of the transducer about the pivot axis.
[0017] A device for internal ultrasound can include a
transducer which is configured for transmitting and/or re-
ceiving ultrasound signals. The first motor is operatively
disposed to impart rotational motion to the transducer
about a pivot axis which is substantially perpendicular to
a rotation axis. A second motor is operatively disposed
to impart rotational motion to the transducer about the
rotation axis. The rotational speed of the transducer
about the pivot axis is determined by a difference be-
tween the rotational speed of the first motor and the ro-
tational speed of the second motor. The first motor can
be operatively coupled with a first drive shaft such that
the first drive shaft extends substantially along the rota-
tion axis and wherein operation of the first motor rotates
the first drive shaft about the rotation axis. The second
motor can be operatively coupled with a second drive
shaft such that the second drive shaft extends substan-
tially along the rotation axis and wherein operation of the
second motor rotates the second drive shaft about the
rotation axis. The transducer can be pivotally connected
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to the second drive shaft. The second drive shaft can be
a hollow driveshaft such that the first and second drive
shafts are positioned concentrically.
[0018] The first motor can be operatively coupled with
the first drive shaft such that the first drive shaft extends
substantially along the rotation axis and wherein opera-
tion of the first motor rotates the first drive shaft about
the rotation axis. The first drive shaft can include a cam
surface disposed to impart pivotal motion to the trans-
ducer when the first drive shaft rotates. The second motor
can be operatively coupled with a second drive shaft such
that the second drive shaft extends substantially along
the rotation axis and wherein operation of the second
motor rotates the second drive shaft around the rotation
axis. The transducer can be pivotally connected to the
second drive shaft. The device can include an elongated
slot positioned to receive the cam surface such that the
cam surface is positioned on the part of the drive shaft
which is bent at an angular offset relative to the rotation
axis. The device can include a cam plate, wherein the
elongated slot is situated in the cam plate and wherein
the cam plate extends from a surface of the transducer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a schematic, partial cross-sectional view of
an ultrasound imaging device having a gearing as-
sembly.
FIG. 2 is a schematic, partial cross-sectional view of
a gearing assembly.
FIG. 3 is a cross-sectional view of the gearing as-
sembly of FIG. 2 taken at the line 3-3.
FIG. 4 is a cross-sectional view of the gearing as-
sembly of FIG. 2 taken at the line 4-4.
FIG. 5 is a schematic, partial cross-sectional view of
an ultrasound imaging device having a gearing as-
sembly.
FIG. 6 is a schematic, partial cross-sectional view of
a gearing assembly.
FIG. 7 is a cross-sectional view of the gearing as-
sembly of FIG. 6 taken at the line 7-7.
FIG. 8 is a schematic, partial cross-sectional view of
an ultrasound imaging device having a pivoting as-
sembly.
FIG. 9 is a partial front schematic view of a transducer
28 and pivoting assembly taken at the line 9-9.
FIG. 10 is a schematic, partial cross-sectional view
of an ultrasound imaging device having a pivoting
assembly and a pivoted transducer.
FIG. 11 is a cross-sectional view of a gearing as-
sembly.
FIG. 12 is a schematic, partial cross-sectional view
of a gearing assembly.
FIG. 13 is a schematic, partial cross-sectional view
of the gearing assembly of FIG. 12.
FIG. 14 is a schematic, partial cross-sectional view

of a ring gear having a lobe positioned adjacent to a
toothed portion.
FIG. 15 is a schematic, partial cross-sectional view
of a gearing assembly including a lobe and disc struc-
ture.

DESCRIPTION OF THE ILLUSTRATED EMBODI-
MENTS

[0020] For the purpose of promoting an understanding
of the principles of the disclosure, reference will now be
made to the embodiments illustrated in the drawings and
specific language will be used to describe the same. It
will nevertheless be understood that no limitation of the
scope of the claims is thereby intended.
[0021] Referring generally to the drawings, there are
shown embodiments of a device 20 suitable for endolu-
minal medical procedures. Device 20 can be used with
a system which includes a console (not shown) for
processing data or signals received from an ultrasound
transducer. The ultrasound console can be a type which
is generally used for medical ultrasonic imaging, e.g. gen-
erally including control devices usable by a physician and
a graphic display which displays graphical images ob-
tained during an ultrasound procedure. Device 20 can
be used for obtaining images at various locations of a
body such as a blood vessel, urethra, ureter, vagina, rec-
tum, throat, ear, or through an artificial tract (or lumen)
by percutaneous puncture for example. The console por-
tion can be connected to commercially available ultra-
sound probes or catheters with compatible pinout, or oth-
er medical devices which are configured for endoluminal
procedures. Device 20 is capable of transmitting and re-
ceiving ultrasound signals and then communicating data
obtained from ultrasound signals to the console.
[0022] In the embodiment shown schematically in FIG.
1, device 20 includes a catheter 22 or other flexible elon-
gated member having a wall 24 defining an internal cham-
ber 26. Catheter 22 is sized and configured for insertion
into and/or travel along bodily orifices or lumens. Posi-
tioned within chamber 26 is a transducer 28, a gearing
assembly 30, and a rotary motor 32 operatively coupled
with transducer 28 through gearing assembly 30. Gen-
erally, catheter 22 carries transducer 28 to a bodily loca-
tion where rotary motor 32 provides rotational motion to
transducer 28. Device 20 could optionally include a motor
housing (not shown) for providing structural support for
rotary motor 32, gearing assembly 30, and transducer
28. Transducer 28 in conjunction with rotary motion pro-
vided by rotary motor 32 is capable of transmitting and
receiving ultrasound signals in a variety of directions
which are passed along data signal communication lines
between transducer 28 and the ultrasound console.
[0023] Catheter 22 in the illustrated embodiment is an
elongated device of plastic or other sturdy flexible mate-
rial. Catheter 22 includes a control end which during use
is nearest to the user and an application end which during
use is nearest to the user’s point of interest. The terms
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"control" and "application" are used throughout this de-
scription to describe these positional orientations. Wall
24 surrounds chamber 26, which is at the application end
of device 20 in the illustrated embodiment. The control
end of wall 24 and/or catheter 22 may extend outside of
the patient during use (or may attach to another piece
that extends outside the patient), and may end in a handle
or other operating portion for maneuvering catheter 22.
Particular embodiments of catheter 22 or at least cham-
ber 26 are cylindrical, and are sized for insertion into and
passage through bodily orifices and lumens, such as, for
example, insertion into the femoral artery and passage
through it toward the heart. Wall 24 may have a port or
other feature to allow injection of fluid into chamber 26,
as will be discussed further below.
[0024] Catheter 22 has at least a portion that presents
a minimal barrier to the passage of ultrasound signals
which is small enough that ultrasound images may be
reasonably acquired through the barrier. Catheter 22 has
at least a portion surrounding device 20 that is construct-
ed of a material which is substantially echolucent (i.e.
having small ultrasound attenuation, or having a small
difference in acoustic impedance with the surrounding
environment) when placed in the surrounding working
environment such that it acts as an acoustic window
which allows passage of ultrasound signals with minimal
reflection. For example, when used within a blood vessel
containing body tissues and blood, it is preferable for
catheter 22 to be constructed of a material which is struc-
turally rigid and which has acoustic impedance similar to
that of body fluids such as blood. Possible materials could
include, for example, a polymer material such as high
density polyethelene, polymethylpentene (PMP), or acry-
lonitrile butadiene styrene (ABS). It has been determined
that in some cases the thickness of at least the portion
of catheter 22 which serves as the viewing window can
be approximately N/2 (where N is a positive integer) of
the wavelength corresponding to the center frequency of
the ultrasound signal.
[0025] Transducer 28 is indicated schematically in the
drawings. The term "transducer" should be understood
to include an assembly of two or more parts as well as a
single piece. An exemplary transducer 28 includes a
body or backing 40 with at least one ultrasound element
42 attached to one side of backing 40, and one or more
clamping rings 44. Transducer 28 can include a matching
layer (not shown) attached to one side of element 42.
Element 42 can be a piezoelectric element which has the
ability to convert electrical energy into sound waves and
sound waves into electrical energy. The positioning of
element 42 as indicated, on a side of backing 40, results
in a directed ultrasound beam direction. Backing 40 may
be substantially opaque to ultrasound signals, so that
such signals are effectively only projected outward from
element 42, e.g. to one side or in a limited angular range
radially (relative to a rotation axis) from backing 40. The
matching layer has acoustic impedance generally be-
tween that of element 42 and the medium surrounding

transducer 28 in order to minimize mismatched acoustic
impedance between transducer 28 and the medium sur-
rounding transducer 28. Transducer 28, as discussed,
can be a single element transducer which is capable of
sending and receiving ultrasound waves in a range of
frequencies which are typically used in medical ultra-
sound procedures, such as, for example, in the range
from 20 KHz to 100 MHz. In some examples, transducer
28 can include a linear array of elements extending along
the rotation axis. Clamping rings 44 have been deter-
mined to improve efficiency and add mechanical stability
to transducer 28.
[0026] Rotary motor 32 is a microminiature motor of a
small size which is suitable for containment within cham-
ber 26 of catheter 22. Microminiature motors such as
small piezoelectric motors, electromagnetic motors, or
shape memory motors may be used. In one embodiment,
the motor is a three-phase, coreless, brushless DC elec-
tromagnetic motor, which has few components, small
size and minimal complexity. Another embodiment in-
cludes a piezoelectric motor. Motor 32 is preferably of a
small size, such as having a diameter in the range from
0.3 mm to 4 mm. The use of such microminiature motors
at the application end of catheter 22 can eliminate prob-
lems with torque cables.
[0027] Device 20 includes rotatable shafts 70, 71 con-
necting transducer 28 and motor 32 via gearing assembly
30. Shaft 70 is coupled with motor 32 and rotates in re-
sponse to rotation of the motor. Shaft 70 extends through
the entirety of motor 32 in particular embodiments and
is operatively coupled with gearing assembly 30. Shaft
71 is operatively coupled with transducer 28 so that trans-
ducer 28 rotates in response to rotation of shaft 71. Shaft
71 extends from transducer 28 and is operatively coupled
with gearing assembly 30. Shafts 70, 71 can be hollow
cylindrical shafts in the illustrated embodiments, having
lumens 72, 73 extending therethrough. Lumens 72, 73
permit passage of electrical conductors, (e.g. wires, ca-
bles, guidewires), mechanical operational items (e.g.
guidewires), and/or other features to pass through shafts
70, 71, allowing transmission of electrical and/or me-
chanical force or energy through lumens 72, 73 without
affecting the rotation of shafts 70, 71.
[0028] In the embodiment of FIG. 1 not forming part of
the invention, gearing assembly 30 includes a housing
76 (FIGS. 2, 3). Housing 76 is disposed such that it is
stationary or fixed relative to catheter 22. Gearing as-
sembly 30 includes an arrangement of gears which are
shown schematically in FIGS. 3 and 4. A ring gear 80 is
coupled with shaft 70 and is configured to interact with
first spur gears 84, 85 and second spur gears 86, 87. A
driving gear 82 is coupled with shaft 71 and is configured
to interact with third spur gears 88, 89. Gearing assembly
30 is configured to convert a unidirectional rotational mo-
tion into a reciprocating (or bidirectional) rotational mo-
tion. In one embodiment, gearing assembly 30 receives
a substantially unidirectional rotational input from motor
32 and outputs a reciprocating rotational motion to trans-
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ducer 28. Accordingly, gearing assembly 30 receives a
substantially constant rotation input from shaft 70 and
outputs a reciprocal rotation via shaft 71. A partial cross-
sectional schematic diagram of an example of gearing
assembly 30 is shown in FIG. 2. Shaft 70 couples with
gearing assembly 30 on the control side of gearing as-
sembly 30 and shaft 71 couples with gearing assembly
30 on the application side of gearing assembly 30.
[0029] Ring gear 80 is an internal gear, i.e., having
teeth that point towards its rotation axis. Ring gear 80 is
a type of gear which is sometimes called a sector gear
or mutilated gear and which includes toothed portions
90, 91 (or sectors) and untoothed portions 92, 93.
Toothed portions 90, 91 are positioned radially opposite
to each other relative to the rotation axis. Each toothed
portion 90, 91 occupies a portion of ring gear 80 which
is no greater than one fourth of the circumference of ring
gear 80. In other words, each toothed portion 90, 91 oc-
cupies a portion of ring gear 80 which has an arc length
(L) defined by the formula L = θr, where r is the radius
measured from the rotation axis to toothed portion 90,
91 and θ ≤ 90° (or π/2 radians). Similarly, each untoothed
portion 92, 93 occupies a portion of ring gear 80 which
is no less than one fourth of the circumference of ring
gear 80. Toothed portions 90, 91 may include a lead-in
section positioned at one or both ends of each toothed
portion 90, 91 (not shown). The lead-in section includes
teeth which have a gradually reduced height (or length
as measured radially) relative to the teeth positioned in
the middle of toothed portions 90, 91. Ring gear 80 may
be attached to shaft 70 or constructed as an integral por-
tion of shaft 70 at the application side end of shaft 70.
Ring gear 80 is depicted as part of a flange in FIG. 2.
However, ring gear 80 may be incorporated with shaft 70
in a variety of configurations (e.g. shaft 70 may be larger
than the diameter of ring gear 80). Shaft 70 may be sup-
ported by housing 76, or alternatively shaft 70 may be
supported solely by motor 32.
[0030] The spur gears are external gears, i.e., having
teeth that point away from their axes of rotation. First
spur gears 84, 85 are coupled with shafts 94, 95 such
that they rotate in response to rotation of shaft 94, 95.
Second spur gears 86, 87 are coupled with shafts 96, 97
such that they rotate in response to rotation of shafts 96,
97. Shafts 94, 95, 96, 97 are rotatably supported by hous-
ing 76, which could include bearings, hubs, or other suit-
able rotational supports. First spur gear 85 is positioned
diametrically opposite to first spur gear 84 relative to the
rotation axis. Second spur gear 87 is positioned diamet-
rically opposite to second spur gear 86 relative to the
rotation axis. First spur gear 84 engages both second
spur gears 86, 87. First spur gear 85 also engages both
second spur gears 86, 87. The positioning of first spur
gears 84, 85 and second spur gears 86, 87 creates a
radially central aperture between the spur gears which
can allow passage therethrough of shaft 71 in some em-
bodiments (e.g. FIG. 4). Shaft 71 can be positioned such
that a portion of its control side is concentric and/or ad-

jacent to a portion of the application side end of shaft 70.
Alternatively, shaft 71 need not pass through the aper-
ture.
[0031] First spur gears 84, 85 are positioned such that
at a rotational position of ring gear 80 when toothed por-
tion 90 engages first spur gear 84, toothed portion 91
simultaneously engages first spur gear 85. When toothed
portion 90 engages first spur gear 85, toothed portion 91
simultaneously engages first spur gear 84. When toothed
portion 90 does not engage either of first spur gears 84,
85, toothed portion 91 also does not engage either of first
spur gears 84, 85. Second spur gears 86, 87 are posi-
tioned such that at a rotational position of ring gear 80
when toothed portion 90 engages second spur gear 86,
toothed portion 91 simultaneously engages second spur
gear 87. When toothed portion 90 engages second spur
gear 87, toothed portion 91 simultaneously engages sec-
ond spur gear 86. When toothed portion 90 does not en-
gage either of first spur gears 86, 87, toothed portion 91
also does not engage either of second spur gears 86,
87. In this way, at any given rotational position of ring
gear 80, toothed portions 90, 91 either exclusively en-
gage first spur gears 84, 85 or second spur gears 86, 87.
[0032] Third spur gear 88 is positioned on shaft 94 such
that it rotates in response to rotation of first spur gear 84,
on the application side of shaft 94 relative to first spur
gear 84. Third spur gear 89 is positioned on shaft 95 such
that it rotates in response to rotation of first spur gear 85,
on the application side of shaft 95 relative to first spur
gear 85. Third spur gears 88, 89 are positioned diamet-
rically opposite each other relative to the rotation axis in
this embodiment, and are positioned to engage with driv-
ing gear 82. Driving gear 82 is an external spur gear
having a radially central hole which allows shaft 71 to be
positioned therethrough. Driving gear 82 is fixedly con-
nected to shaft 71 such that shaft 71 rotates in response
to rotation of driving gear 82. In other embodiments, driv-
ing gears can be positioned offset from the rotation axis.
[0033] Operation of the gearing mechanism will now
be described. Ring gear 80 is configured to receive a
unidirectional rotational drive force from shaft 70. As shaft
70 rotates, for example, in a clockwise direction as seen
in FIG.3, ring gear 80 also rotates clockwise. When ring
gear 80 rotates clockwise, toothed portions 90, 91 en-
gage first spur gears 84, 85 and cause first spur gears
84, 85 to simultaneously rotate clockwise. First spur
gears 84, 85 engage second spur gears 86, 87 and cause
second spur gears 86, 87 to rotate counterclockwise. The
clockwise rotation of first spur gears 84, 85 causes third
spur gears 88, 89 to simultaneously rotate clockwise via
shafts 94, 95. Clockwise rotation of third spur gears 88,
89 causes driving gear 82 and shaft 71 to rotate coun-
terclockwise. As ring gear 80 continues to rotate clock-
wise, toothed portions 90, 91 disengage first spur gears
84, 85 and subsequently (or substantially simultaneous-
ly) engage second spur gears 86, 87, causing second
spur gears 86, 87 to rotate clockwise. First spur gears
84, 85 responsively rotate counterclockwise. The coun-
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terclockwise rotation of first spur gears 84, 85 causes
third spur gears 88, 89 to simultaneously rotate counter-
clockwise via shafts 94, 95. Counterclockwise rotation of
third spur gears 88, 89 causes driving gear 82 and shaft
71 to rotate clockwise. As ring gear 80 continues to rotate
clockwise, toothed portions 90, 91 disengage second
spur gears 86, 87 and re-engage first spur gears 84, 85,
which causes shaft 71 to again rotate counterclockwise.
The lead-in section(s) of toothed portions 90, 91 mini-
mizes or eliminates potential problems with jamming of
the gears as toothed portions 90, 91 engagingly transition
between first spur gears 84, 85 and second spur gears
86, 87. In this way, as shaft 70 is rotated in a uniform
direction (which could be either clockwise or counter-
clockwise), shaft 71 undergoes reciprocal rotational mo-
tion.
[0034] Various aspects of gearing assembly 30 can be
varied. For example, the arc lengths of tooth portions 90,
91 can be varied in order to allow for a moment during
rotation of ring gear 80 when toothed portions 90, 91 do
not engage either first spur gears 84, 85 or second spur
gears 86, 87. Such a time period could allow energy to
dissipate within gearing assembly 30 before re-engaging
and reversing direction of the gears or be used as a fea-
ture for optimizing ultrasound imaging.
[0035] Additionally, the size of driving gear 82 can be
varied in order to control the range of rotation of shaft 71
in each direction. Variations in the size of driving gear 82
necessitate an inverse variation in the size of third spur
gears 88, 89. For example, driving gear 82 can have a
reduced diameter while third spur gears 88, 89 have an
increased diameter such that driving gear 82 maintains
engagement with third spur gears 88, 89. Driving gear
82 can have a diameter which is substantially smaller
than the diameter of third spur gears 88, 89 in order to
provide for an increased range of rotation (or region) of
shaft 71 (e.g. 360 degrees or more). Similarly, driving
gear 82 can have a diameter which is substantially larger
than the diameter of third spur gears 88, 89 in order to
provide for a reduced range of rotation of shaft 71. A
small range of rotation can limit the imaged volume but
can improve frame rate and vice versa. In this way, the
range of rotation could be small (e.g. 20°). For obtaining
a complete slice, conical, or toroidal image, it is preferable
that transducer 28 be rotated at least about 360 degrees
in each direction.
[0036] It should be noted that gearing assembly 30
could include an assembly that does not have both third
spur gears 88, 89, but rather has only one third spur gear
(88 or 89). However, the addition of both third spur gears
88, 89 provide mechanical stability to gearing assembly
30.
[0037] Transducer 28 is operatively coupled with shaft
71 in this embodiment so that its longitudinal axis is par-
allel to or in some cases coincident with the rotation axis
of shaft 71. An ultrasound beam or signals emitted from
transducer 28 travel generally outward from the rotation
axis in this embodiment. Similarly, transducer 28 re-

ceives an ultrasound beam or signals from directions out-
ward of the rotation axis. Transducer 28 can be coupled
directly to shaft 71. Alternatively, transducer 28 in one
example could be coupled with shaft 71 through use of
an intermediate support (not shown). The intermediate
support can be hollow and defining an inner lumen in a
similar manner as shaft 71. An intermediate support may
be in the form of a gimbal mount or other type of support
which provides pivoting (or elevational) rotational motion
to the transducer, as explained in U.S. App. Ser. No.
61/713172.
[0038] A portion of chamber 26 immediately surround-
ing transducer 28 extending towards the application end
of catheter 22 can be completely filled with a fluid or other
substance having acoustic impedance similar to that of
blood or tissue, such as saline, oils (e.g. mineral oil or
castor oil), or mixed alcohol. A seal 74, bearing, or other
structure is positioned adjacent to gearing assembly 30
and shaft 71 to provide a fluid seal between gearing as-
sembly 30 and the chamber surrounding transducer 28.
The substance should minimize friction acting against
transducer 28 during rotation. In this way, acoustic
matching can be achieved between body fluids, catheter
22, and the medium immediately surrounding transducer
28. Acoustic matching ensures that minimal signal losses
occur when transmitting and receiving ultrasound signals
between transducer 28 and body tissue which enhances
the clarity of the resulting image. The fluid can be added
to device 20 during manufacture, or alternatively could
be added prior to use. When the transducer is sealed
and the coupling fluid is placed into the chamber during
manufacture, long term contact with the parts necessi-
tates a non-corrosive fluid such as mineral oil or castor
oil in order to preserve the shelf life of the product. Pref-
erably, the oil is bio-compatible, acoustically transparent,
and has low viscosity. Alternatively, a fluid communica-
tion port (not shown) may be positioned or creatable with-
in the catheter or through the catheter wall to allow access
for adding a fluid. In that case a corrosive fluid may be
added at the time of deployment of device 20. Corrosive
fluids such as water, saline, and alcohol typically have
more favorable combinations of bio-compatibility, acous-
tic transparency and viscosity.
[0039] Device 20 is designed to pass an electrical sig-
nal from transducer 28 through lumens 72, 73. In the
embodiment of FIG. 1, conductors 50, 52 are part of a
conduction pathway which extends from transducer 28
through lumens 72, 73 and which is conductively opera-
tively coupled with the console. For example, conductor
50 as a signal channel and conductor 52 as a ground
channel. Conductors 50, 52 have an application side end
attached to a rotating portion of the conduction pathway
and a control side end (not shown) attached to a non-
rotating portion of the conduction pathway, e.g. extending
to a fixed conductor in the wall of catheter 22 or to the
ultrasound console. Conductors 50, 52 can conduct elec-
trical signals while passing through shaft 70 and under-
going a twisting motion in response to rotational motion
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from shaft 71 and transducer 28, without undergoing cat-
astrophic damage.
[0040] As one example, conductors 50, 52 can be at-
tached at a variety of locations to transducer element 42,
depending on the requirements of the particular config-
uration. Conductors 50, 52 can be thin wires which extend
through backing 40 and/or clamping rings 44 and into
lumen 73. Alternatively, conductors 50, 52 can extend
from the sides of transducer 28 and sealingly enter lumen
73 through a sealed port (not shown). Alternatively, back-
ing 40 can be conductive so that the whole backing is
part of the conduction path. Similarly, the matching layer
could be a conductive layer which is part of the conduc-
tion path. Conductors 50, 52 may run throughout the
length of the lumen of catheter 22 from transducer 28 to
the ultrasound console. Alternatively, conductors 50, 52
could extend to an intermediate coupler (not shown) or
control side attachment point located within catheter 22.
The control side attachment point or coupler facilitates
electrical communication between conductors 50, 52 and
the ultrasound console. The control side attachment point
is generally fixed in a non-rotational position which is on
the control side of the control side end of the drive shaft
70. However, in some examples, the control side attach-
ment point could be positioned within the hollow drive
shaft. In other examples, conductors 50, 52 could be fixed
into a single cable, which could be coaxial, for example.
In other examples, conductors 50, 52 could be coupled
with one or more intermediate conductors (for example
a rigid shaft or single cable) positioned between trans-
ducer 28 and conductors 50, 52. In this way, a conduction
path is achieved in a variety of ways in which the con-
duction path extends through lumens 72, 73 and includes
conductors 50, 52.
[0041] During operation of device 20, a physician in-
serts device 20 into the body of a patient and maneuvers
it to a desired location, e.g. in a particular blood vessel.
Once device 20 is properly positioned in or near the area
of body tissue which is to be imaged, rotary motor 32 is
powered such that shaft 70 rotates. Correspondingly,
shaft 71 and transducer 28 rotate about the rotation axis.
Transducer 28 is energized through the conduction path-
way (e.g. conductor 50), which receives power from the
console. Transducer 28 transmits an ultrasound signal
substantially in an outward direction relative to shaft 71
in this embodiment, i.e. substantially perpendicular to the
rotation axis.
[0042] When an ultrasound signal is transmitted, the
ultrasound signal passes across wall 24 of catheter 22
until it encounters an acoustic impedance boundary (e.g.
body tissue, plaque, medical implant, or other material
which has acoustic impedance sufficiently different from
bodily fluids or other surrounding material) such that the
ultrasound signal is at least partially reflected at the
boundary. At lease a portion of the ultrasound signal is
reflected back towards transducer 28. One or more elec-
trical signals representing reflected ultrasound received
at transducer 28 are sent from transducer 28 via the con-

duction pathway (e.g. conductor 50) to the ultrasound
console, for imaging and display to the physician. Simul-
taneously or subsequently transducer 28 continues to
emit further ultrasound signals and the process is repeat-
ed, continuously in certain embodiments over a desired
period of time.
[0043] Transducer 28 is rotated in a reciprocating man-
ner under the power of rotary motor 32 via gearing as-
sembly 30 such that it is rotated a fixed distance in one
direction and then rotated a fixed distance in the opposite
direction. In the FIG. 1 example, conductors 50, 52 rotate
in sync with transducer 28 and in particular embodiments
become at least partially twisted around each other in
one direction, untwisted, and at least partially twisted
around each other in the opposite direction (e.g. 360 de-
gree twist clockwise, 360 degree untwist counterclock-
wise, 360 degree twist counterclockwise, and 360 degree
untwist clockwise). The control side connection point (not
shown) of the conductors 50, 52 remains stationary,
which facilitates controlled twisting of the conductors as
well as allowing a non-rotating coupling with the console.
Conductors 50, 52 are positioned within the lumens 72,
73 with sufficient slack to allow conductors 50, 52 to be-
come wound without damaging either conductors 50, 52
or their connection points with transducer 28 or the con-
trol side connection point. In other examples, conductors
50, 52 could be fixed into a single cable (e.g. coaxial)
which is constructed with elastic (or other) characteristics
which allow some twisting of the cable without undergo-
ing catastrophic damage to the conductors. In still other
examples, conductors 50, 52 are configured to undergo
a twisting reaction when attached to an intermediate con-
ductor conductively operatively positioned between ele-
ment 42 and conductors 50, 52.
[0044] An embodiment of device 20 not forming part
of the invention is shown in FIG. 5. Device 20 includes
transducer 28, gearing assembly 100, and motor 32. De-
vice 20 is similar to the FIG. 1 embodiment and functions
in the same way with the notable exception of gearing
assembly 100 and the conduction pathways (including
conductors 102, 104). Device 20 includes rotating shafts
70, 71 for operable connection between motor 32, gear-
ing assembly 100, and transducer 28. In this embodi-
ment, shaft 70 may or may not include a lumen.
[0045] Gearing assembly 100 is configured to receive
a constant rotational input from motor 32 and output a
reciprocating rotation to transducer 28. A part cross-sec-
tional schematic diagram of gearing assembly 100 is
shown in FIG. 6. Shaft 70 couples with gearing assembly
100 on the control side of gearing assembly 100 and
shaft 71 couples with gearing assembly 100 on the ap-
plication side of gearing assembly 100. Gearing assem-
bly 100 includes a housing 76. Housing 76 is disposed
such that it is stationary or fixed relative to catheter 22.
Gearing assembly 100 includes an arrangement of gears
which are shown schematically in FIG. 7. A ring gear 110
is coupled with shaft 70 and is configured to interact with
first spur gear 114 and second spur gear 116. The driving
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gear 112 is coupled with shaft 71 and is configured to
interact with third spur gear 118.
[0046] Ring gear 110 is an internal gear, i.e. having
teeth that point towards its rotation axis. Ring gear 110
is a type of gear which is sometimes called a sector gear
or mutilated gear and which includes a toothed portion
120 (or sector) and untoothed portion 122. Toothed por-
tion 120 occupies a portion of ring gear 110 which is no
greater than one half of the circumference of ring gear
110. In other words, toothed portion 120 occupies a por-
tion of ring gear 110 which has an arc length defined by
the formula L = θr, where r is the radius measured from
the rotation axis to toothed portion 120 and θ ≤ 180 °.
Similarly, toothed portion 122 occupies a portion of ring
gear 110 which is no less than one half of the circumfer-
ence of ring gear 110. Toothed portion 120 may include
a lead-in section (not shown) positioned at one or both
ends of toothed portion 120. The lead-in section includes
teeth which have a gradually reduced height (or length
as measured radially) relative to the teeth positioned in
the middle of toothed portion 120. Ring gear 110 may be
attached to shaft 70 or constructed as an integral portion
of shaft 70 at the application side and of shaft 70. Ring
gear 110 is depicted as part of a flange in FIG. 6. How-
ever, ring gear 110 may be incorporated with shaft 70 in
a variety of configurations.
[0047] Spur gears 114, 116, 118 are external gears,
i.e. having teeth that point away from their respective
rotation axis. First spur gear 114 is coupled with shaft
124 such that it rotates in response to rotation of shaft
124. Second spur gear 116 is coupled with shaft 126
such that it rotates in response to rotation of shaft 126.
Shafts 124, 126 are rotatably supported by housing 76,
which could include bearings, hubs, or other suitable ro-
tational supports. Gears 114, 116 are positioned diamet-
rically opposite to each other and disposed such that first
spur gear 114 engages second spur gear 116. First spur
gear 114, second spur gear 116, and toothed portion 120
are arranged and configured such that toothed portion
120 can exclusively engage either spur gear 114 or spur
gear 116, but not both simultaneously. Third spur gear
118 is positioned on shaft 126 such that it rotates in re-
sponse to rotation of second spur gear 116. Third spur
gear 118 is positioned on the application side of shaft
126 relative to second spur gear 116. Driving gear 112
is an external gear and is fixedly attached to shaft 71
such that shaft 71 rotates in response to rotation of driving
gear 112.
[0048] Ring gear 110 is configured to receive a unidi-
rectional rotational drive force from shaft 70. When ring
gear 110 rotates in a clockwise direction as seen in FIG.
7, toothed portion 120 engages first spur gear 114 and
causes first spur gear 114 to simultaneously rotate clock-
wise about the axis of shaft 124. First spur gear 114 en-
gages second spur gear 116 and causes second spur
gear 116 to rotate counterclockwise about the axis of
shaft 126. The counterclockwise rotation of second spur
gear 116 causes third spur gear 118 to simultaneously

rotate counterclockwise about shaft 126. Counterclock-
wise rotation of third spur gear 118 causes driving gear
112 and shaft 71 to rotate clockwise. As ring gear 110
continues to rotate clockwise toothed portion 120 disen-
gages from first spur gear 114 and subsequently engag-
es second spur gear 116, causing second spur gear 116
to rotate clockwise. First spur gear 114 responsively ro-
tates counterclockwise. The clockwise rotation of second
spur gear 116 causes third spur gear 118 to simultane-
ously rotate clockwise via shaft 126. Clockwise rotation
of third spur gear 118 causes driving gear 112 and shaft
71 to rotate counterclockwise. As ring gear 110 continues
to rotate clockwise, toothed portion 120 disengages sec-
ond spur gear 116 and subsequently re-engages first
spur gear 114 which causes shaft 71 to again rotate
clockwise. The lead-in section(s) of toothed portion 120
minimizes or eliminates any potential problems with jam-
ming of the gears as toothed portion 120 engagingly tran-
sitions between first spur gear 114 and second spur gear
116. In this way, as shaft 70 is rotated in a unidirectional
direction (which could be either clockwise or counter-
clockwise), shaft 71 undergoes reciprocal rotational mo-
tion.
[0049] Various aspects of gearing assembly 100 can
be varied as previously described for the FIG. 1 embod-
iment, such as variations in the arc length of toothed por-
tion 120 and in the size of driving gear 112 and to the
same effect as described herein.
[0050] In the FIG. 5 embodiment, conductors 102, 104
pass from transducer 28 to wall 24 and run along wall 24
to conductively couple with the console. Conductors 102,
104 can pass first into hollow shaft 71 and exit through
opening 128. Alternatively, conductors 102, 104 can cou-
ple with transducer 28 at a location which is external to
hollow shaft 71. Conductors 102, 104 are positioned with
sufficient access between transducer 28 and an attach-
ment point at wall 24 such that when shaft 71 rotates,
conductors 102, 104 alternately twist and untwist about
shaft 71. For example, if it is desirable for transducer 28
to rotate 720° sequentially in each direction, conductors
102, 104 will have sufficient excess in order to wrap about
shaft 71 for at least a full 360° rotation in each rotational
direction from a neutral start point.
[0051] The embodiment of FIG. 1 can be combined
with the conductor arrangement of FIG. 5 not forming
part of the invention. In that case, lumen 73 of shaft 71
could accommodate other components, such as a
guidewire for example. In one example, a guidewire could
extend through lumen 72 of the motor shaft 70, through
lumen 73 of shaft 71, past (or through) transducer 28,
and through the catheter tip. In some embodiments, lu-
mens 72, 73 could accommodate both a guidewire and
conductors.
[0052] Alternatively or in conjunction with the toothed
portion lead-in sections of various embodiments de-
scribed herein not forming part of the invention, a fric-
tional interface can be added between the spur gears
and the ring gear. In one embodiment, a lobe 200 is po-
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sitioned adjacent to the end of the toothed portions (FIG.
14). Lobe 200 is a raised hump attached to the ring gear
and is constructed in particular cases from a resiliently
compressible material, such as rubber for example. Dur-
ing operation, as the ring gear disengages the first or
second spur gears and engages the second or first spur
gears (respectively), lobe 200 absorbs some of the en-
ergy (or momentum) of the spur gear as it changes di-
rection. Lobe 200 frictionally engages the spur gear and
causes it to reverse direction (or start rotating) such that
it rotates at a proper speed to engage the ring gear.
[0053] An alternative embodiment not forming part of
the invention includes one or more non-toothed discs 210
positioned adjacent with and connected to the spur gears
such that it rotates in response to rotation of the spur
gear (FIG. 15). In this embodiment, a lobe 212 is posi-
tioned at an axial offset relative to the teeth in the toothed
portions of the ring gear. Disc 210 can also be construct-
ed from a resiliently compressible material, or alterna-
tively it can be constructed from a relatively rigid material.
During operation, as the ring gear disengages and re-
engages the spur gears, disc 210 frictionally engages
lobe 212 which causes disc 210 and the spur gear to
reduce rotational speed and change direction prior to
toothed gearing engagement between the ring gear and
the spur gear. The embodiments of FIGS. 14 and 15
serve the purpose of smoothly reversing velocity of the
spur gears without impacting and damaging the gear
teeth. In other words, the gears are protected from dam-
age which might otherwise be caused from engagement
of the gears while rotating in opposing directions. In this
way, lobe 200, lobe 212, and disc 210 serve a function
similar to that of a synchronizer in a manual transmission
gearbox.
[0054] A further gearing assembly embodiment not
forming part of the invention is shown in FIG. 11. Gearing
assembly 170 is similar in many aspects to previously
described gearing assembly 30. Gearing assembly 170
includes three first spur gears 172, three second spur
gears 174, and ring gear 176. Ring gear 176 includes
three toothed portions 177 and three untoothed portions
178. When ring gear 176 rotates unidirectionally about
the rotation axis, toothed portions 177 alternatingly en-
gage first spur gears 172 and second spur gears 174.
The alternating engagement causes reciprocal motion of
the first and second spur gears from which a third spur
gear can translate the reciprocal motion to a driving gear
(not shown). The use of six spur gears allows the use of
spur gears having reduced diameters and correspond-
ingly the spur gears occupy less area near the center of
the ring gear. Accordingly, shaft 71 can be made with a
larger diameter and a larger lumen 73 which can accom-
modate larger diameter conductors, greater numbers of
conductors (e.g. for a transducer having a linear array),
and/or a larger guidewire. Gearing assembly 170 could
also include an arrangement of eight spur gears, having
four first spur gears, four second spur gears, and four
toothed sections. Similarly, gearing assembly 170 could

include an arrangement having ten or more spur gears
wherein the number of spur gears is an even number.
[0055] A further alternative gearing assembly embod-
iment not forming part of the invention, is shown in FIGS.
12 and 13. In that embodiment, gearing assembly 180 is
configured to receive a constant rotational input from mo-
tor 32 and output a reciprocating rotation to transducer
28. A part cross-sectional schematic diagram of gearing
assembly 180 is shown in FIG. 12. Shaft 70 couples with
gearing assembly 180 on the control side of gearing as-
sembly 180 and shaft 71 couples with gearing assembly
180 on the application side of gearing assembly 180.
Gearing assembly 180 includes a housing 76 which is
disposed such that it is fixed relative to catheter 22.
[0056] Gearing assembly 180 includes an arrange-
ment of gears which are shown schematically in FIG. 13.
In that example, a ring gear 181 is coupled with shaft 70
and is configured to interact with first spur gears 182, 183
and second spur gears 184, 185. A driving gear 186 is
coupled with shaft 71 and is configured to interact with
third spur gears 187, 188. Ring gear 181 is an internal
gear having two toothed portions as described for the
FIG. 2 embodiment. First spur gears 182, 183 are exter-
nal gears as described for the FIG. 2 embodiment. First
spur gears 182, 183 can be rotatably attached to gear
supports 197, 198 which are fixed to (or relative to) hous-
ing 76. Second spur gears 184, 185 are external gears
having a width which is greater than the width (or length
measured along the central axis of the gear) of first spur
gears 182, 183. Fourth spur gears 194, 195 are fixedly
attached to third spur gears 187, 188 and rotate in unison
with third spur gears 187, 188. The third and fourth spur
gears are rotatably mounted to a housing 76 on rotation
axes which are not parallel to the rotation axes of first
spur gears 182, 183 (FIG. 13). Fourth spur gear 194 is
positioned to engage second spur gear 184. Fourth spur
gear 195 is positioned to engage second spur gear 185.
Driving gear 186 is positioned to engage third spur gears
187, 188.
[0057] Gearing assembly 180 provides 360° reciprocal
rotation to shaft 71 while also providing a lumen through
shaft 71 to accommodate a plurality of conductors and/or
a guidewire. Fourth spur gears 194, 195 can include re-
duced diameter and a reduced number of teeth (com-
pared to third spur gears 187, 188) in order to increase
the gear ratio between second spur gears 184, 185 and
fourth spur gears 194, 195. The increased gear ratio
causes fourth spur gears 194, 195 to undergo multiple
full rotations (or more than one full rotation) for each full
rotation of second spur gears 184, 185. Because fourth
spur gears 194, 195 are attached to third spur gears 187,
188, third spur gears 187, 188 also undergo multiple full
rotations for each full rotation of second spur gears 184,
185. The gear ratio between third spur gears 187, 188
and driving gear 186 can also be modified by enlarging
or reducing the diameter of third spur gears 187, 188 and
enlarging or reducing the diameter of driving gear 186.
In this way, gear ratios can be achieved in which shaft
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71 rotates a full 360° in a single direction in response to
a single engagement (or approximately 90° rotation of
ring gear 181) between toothed portions 190, 191 (sep-
arated by and untoothed portions 192, 193) and either
first spur gears 182, 183 or second spur gears 184, 185.
[0058] The axes of rotation of fourth spur gears 194,
195 (and third spur gears 187, 188) can be moved further
from the rotation axis in order to accommodate a larger
lumen 73 through shaft 71 while maintaining engagement
between fourth spur gears 194, 195 and second spur
gears 184, 185. The lumen can be further enlarged by
combining the FIG. 12 example with gearing assemblies
having more than four spur gears for engagement with
the ring gear (e.g. FIG. 11).
[0059] An embodiment of device 20 is shown in FIGS.
8 through 10. Device 20 includes rotary motors 32, 33,
catheter 22 (not shown), shaft 140, transducer 28, and
bias force member 142. Transducer 28 is pivotally mount-
ed to shaft 140 such that device 20 provides an ultra-
sound signal sweep or field that not only turns around
the rotation axis of device 20 but also is pivotable to view
forward and/or rearward of the particular position of trans-
ducer 28. A pivot assembly 160 includes pivot mount
150, transducer mount 152, cam plate 154, and bent shaft
144. Pivot assembly 160 provides reciprocal movement
of transducer 28 about a pivot axis between a neutral
position and a maximum displacement position.
[0060] Rotary motors 32, 33 are microminiature motors
as previously described. Rotary motor 32 is coupled with
shaft 140 and causes shaft 140 to rotate about the rota-
tion axis. Shaft 140 is a hollow cylindrical shaft having a
lumen 141 extending therethrough. Rotary motor 33 is
coupled with bent shaft 144 and causes bent shaft 144
to rotate about the rotation axis. Bent shaft 144 extends
from motor 33 through lumen 141. Bent shaft 144 can be
supported near the application side end of shaft 140 by
a bearing 143. A bias force member 142 is positioned
between motor 32 and motor 33 and is connected to mo-
tors 32, 33 such that it causes a biasing force which tends
to pull motor 33 towards motor 32. Bias force member
142 can be a coiled spring, elastic rubber member, or
other suitable biasing member.
[0061] Pivot mount 150 is coupled with shaft 140 such
that it rotates in response to rotation of shaft 140. Pivot
mount 150 is configured to accept pin 156. Transducer
mount 152 is fixedly coupled with transducer 28 and con-
figured to receive pin 156. Transducer mount 152 is ro-
tationally coupled with pivot mount 150 via pin 156 such
that transducer mount 152 is rotatable relative to pivot
mount 150 and shaft 140. Pin 156 defines a pivot axis
about which transducer 28 is pivotable. Pivot mount 150
can include a slot configured to receive transducer mount
152 such that two extending members couple to two op-
posite sides of transducer mount 152 (not shown). Alter-
natively pivot mount 150 can be a member which con-
nects to a single side of transducer mount 152 (FIG. 8).
[0062] Cam plate 154 is attached to the bottom of trans-
ducer 28 (e.g. backing 40) such that it is positioned sub-

stantially parallel (but not necessarily coincident) to the
pivot axis. Cam plate 154 operates as a cam follower.
Cam plate 154 includes an elongated slot 158 which is
generally parallel to the pivot axis. The elongated slot
158 includes top surface 162 and bottom surface 163.
Bent shaft 144 includes bent end 164. Bent end 164 in-
cludes the portion of bent shaft 144 which extends in a
direction which is angularly offset from the rotation axis
(i.e. the portion of shaft 144 which is on the application
side of bend 166). Bent end 164 is configured to pass
through the elongated slot 158. Bent end 164 has sur-
faces which act as cam surfaces and which are config-
ured to engage top surface 162 and/or bottom surface
163 depending on the rotational position of bent shaft
144.
[0063] Pivot assembly 160 permits a reciprocating piv-
otal motion for transducer 28. Motor 33 is capable of ro-
tating bent shaft 144 about the rotation axis. When bent
shaft 144 rotates about the rotation axis relative to shaft
140 (and likewise cam plate 154), bent end 164 engages
cam plate 154 and causes transducer 28 to pivot recip-
rocally about the pivot axis. Rotation of bent shaft 144
causes bent end 164 to rotate about the rotation axis
between a zero displacement position (FIG. 8) and a
maximum displacement position (FIG. 10). In the zero
displacement position, bent end 164 is generally closer
to the pivot axis than when in the maximum displacement
position. However, the distance from the pivot axis to
elongated slot 158 does not vary between the maximum
displacement position and the zero displacement posi-
tion. Thus, bent end 164 is situated differently within slot
158 between the zero and maximum displacement posi-
tions in a generally axial direction relative to the rotation
axis.
[0064] In the configuration of FIG. 8, bent shaft 144 is
in a neutral position and bent end 164 is in the zero dis-
placement position, i.e. transducer 28 is positioned with
a transmitting angle that is substantially perpendicular to
the rotation axis. In that configuration a portion of bent
end 164 abuts against top surface 162 and/or bottom
surface 163. As bent shaft 144 rotates 90° clockwise (rel-
ative to FIG. 9) between the zero displacement position
and the maximum displacement position, bent end 164
moves in a generally radial direction (relative to the ro-
tation axis) within slot 158 from a central position towards
an end of slot 158. The abutment of bent end 164 against
surfaces 162, 163 and the positioning of bent end 164
further from the pivot axis causes cam plate 154 and
transducer 28 to pivot about the pivot axis in a direction
which is towards the rotation axis (i.e. clockwise relative
to FIG. 8).
[0065] As bent shaft 144 rotates a further 90° clock-
wise, bent end 164 moves to the maximum displacement
position. Simultaneously, bent end 164 moves in a gen-
erally radial direction (relative to the rotation axis) within
slot 158 back towards the central position within slot 158.
Surfaces 162, 163 slide along bent end 164 generally in
the control side direction of bent shaft 144 to accommo-
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date the relative difference in distances from the pivot
axis to slot 158 and bent end 164. The abutment of bent
end 164 against surfaces 162, 163 and movement of
bent end 164 towards the maximum displacement point
cause transducer 28 to pivot further about the pivot axis
towards the rotation axis. During rotation as bent shaft
144 rotates further 90° clockwise, bent end 164 again
moves in a generally radial direction (relative to the ro-
tation axis) within slot 158, and bent end 164 returns to
an intermediate position between the zero displacement
position and the maximum displacement position. Simul-
taneously, transducer 28 moves from a maximum dis-
placement position to an intermediate displacement po-
sition. A further 90° rotation causes bent shaft 144 to
return to the zero displacement position and transducer
28 resumes the neutral position. In this way, pivot as-
sembly 160 provides reciprocal pivoting motion to trans-
ducer 28 based on uniform rotation of motor 33.
[0066] When combined with the rotational motion of
shaft 140, transducer 28 is movable about both the pivot
axis and the rotation axis. The rate of pivoting motion is
controlled by a speed difference (or phase difference)
between motor 32 and motor 33. For example, when mo-
tor 32 and motor 33 rotate at the same rate, transducer
28 undergoes rotation about the rotation axis only, as
bent shaft 144 does not change position relative to the
pivot axis. When motor 33 rotates while motor 32 is sta-
tionary, transducer 28 undergoes movement about the
pivot axis only. When motor 32 rotates while motor 33 is
stationary (or rotating at a different angular velocity),
transducer 28 undergoes movement about both the ro-
tation axis and the pivot axis. In this configuration, the
relative speed of pivoting movement relative to rotation
about the rotation axis is maximized (with the exception
of causing motor 33 and motor 32 to rotate in opposite
directions). The relative speed of pivoting movement rel-
ative to rotation about the rotation axis can be reduced
by engaging motor 33 and causing it to rotate simultane-
ously with motor 32. The pivot speed is reduced as the
difference in rotation speed between motor 32 and motor
33 is reduced. Similarly, the pivot speed is increased as
the difference in rotation rates between motor 32 and
motor 33 is increased. In other words, when motor 32
and motor 33 rotate at different angular velocities a phase
difference accumulates between the rotational rate of
bent shaft 144 and the rotational rate of transducer 28
about the pivot axis.
[0067] Controls for motors 32 and/or 33 may be pro-
vided to maintain one or both at a particular rotational
speed or pattern. For example, modalities such as a spin
around the rotation axis of between 30-100 Hz may be
combined with a slower pivoting around the pivot axis of
about 1-2 Hz, to provide clear images forward and back-
ward in a defined pattern. It has also been determined
that a relatively slow spin around the rotation axis (e.g.
about 1-2 Hz) combined with pivoting around the pivot
axis more rapidly, e.g. near a resonant frequency of de-
vice 20 can provide good results. A modality providing a

faster rotation around the rotation axis when transducer
28 is pointed closer to the rotation axis and slower rotation
around the rotating axis when transducer 28 is further
from the rotating axis is also useful for improving the im-
age frame rate and clarity.
[0068] The pivot range and speed of motion about the
pivot axis relative to the rotation speed of motor 33 can
be controlled by varying the configuration and/or size of
bent end 164 (i.e. the distance of the bend from the ap-
plication side end of shaft 144) and by varying location
of placement and angle of attachment of cam plate 154
to transducer 28. Additionally, the configuration and lo-
cation of slot 158 can be varied (and/or the size of cam
plate 154 can be varied). For example, the pivot range
can be increased by moving cam plate 154 closer toward
the control side of transducer 28 and/or moving bent end
164 along the rotation axis closer to the control side of
device 20. In that case, the shorter distance between
cam plate 154 and the pivot axis results in a greater dis-
placement of transducer 28 due to the larger proportional
difference in distances as measured from the pivot axis
to bent end 164 between the zero displacement position
and the maximum displacement position. As another ex-
ample, bent end 164 can be enlarged in order to increase
the pivot range.
[0069] The embodiment of FIG. 8 can have pivot range
and amplitude which is adjustable by the user so that
uninteresting regions may be omitted from the imaged
volume to increase frame rate. Motor 33 can be disposed
within catheter 22 such that is movable in an axial direc-
tion along the rotation axis. In that case, a tension wire
is attached to the control side of motor 33 and extends
through catheter 22 to a user-actuated rotational knob or
other tensioning device. The user can rotate the knob
causing the tension wire to wrap around a portion of the
knob which shortens the tension wire and applies a force
to the control side of motor 33 and causes motor 33 to
move axially relative to the rotation axis in the control
side direction. This movement acts against the direction
of force acting upon the motor from bias force member
142 which increases the tension force acting upon motor
33. Similarly, the user can rotate the knob in the opposite
direction which lengthens the tension wire and allows
motor 33 to move axially in the application side direction
under the tension force of bias force member 142. By
moving motor 33 axially toward the control side of device
20, the amplitude and range can be increased by causing
bent end 164 to engage surfaces 162, 163 generally at
a point which is further from the rotation axis such that
slot 158 (and likewise transducer 28) undergoes in-
creased displacement when bent shaft 144 rotates.
[0070] In the FIG. 8 embodiment, the fluid surrounding
transducer 28 can also provide lubrication between bent
shaft 144 and shaft 140 as well as to bias force member
142. The fluid can be preassembled or added before use
as described above.
[0071] The embodiments described herein allow de-
vice 20 to include a directly rotating transducer element

21 22 



EP 2 941 194 B1

13

5

10

15

20

25

30

35

40

45

50

55

which avoids the need for use of a rotating mirror design
and the disadvantages associated with such design. For
example, the device 20 is shorter and takes up less space
than a rotating mirror design. The directly rotating trans-
ducer embodiments described herein have a deeper
acoustic focal depth than a rotating mirror design. In the
disclosed embodiment, ultrasound waves are transmit-
ted directly in the direction of interest as opposed to a
reflector design in which ultrasound waves must travel
toward a reflector for several millimeters before begin-
ning to travel in the direction of interest.
[0072] Device 20 facilitates capture of an image
through a viewing window which is free from unnecessary
acoustic attenuation such as artifacts, obstructions, or
errors within the image. For example, positioning of trans-
ducer 28 at a location which is on an application side of
the rotary motor 32, conductors 50, 52, and other com-
ponents, ensures that wires or other echogenic materials
are not positioned within or across the viewing window
of transducer 28, even as transducer 28 rotates in a full
360° rotation about the rotation axis as well as pivoting
about the pivot axis. In this way, there are no wires or
other reflecting materials which could cause artifacts
within the image or block portions of the redirected ultra-
sound waves. This provides the physician a clear view
of the entirety of the viewing window. Placing wires or
other conductors 50, 52 through lumens 72, 73 of shafts
70, 71 also permits a reduction in the overall width of
device 20, as no extra space need be provided for such
conductors on the periphery of the device. As used here-
in, the term "window" includes a substantially obstruction-
free pathway throughout the structure of device 20 be-
tween transducer 28 and organic fluids or tissue which
may be positioned external to device 20 during use.
[0073] Device 20 is configured to be used with existing
medical devices which are designed for percutaneous,
intraluminal, or interstitial procedures. For example, de-
vice 20 can be used as or with a variety of catheters for
different purposes, e.g. positioned on or within an appli-
cation side of a catheter, depending on the particular con-
figuration. Parts of device 20 as previously described can
be positioned within an existing lumen within the catheter.
In an alternative embodiment, device 20 could include
an external casing which is similar to catheter 22 having
walls 24 but being shortened so as to compactly contain
device 20. Device 20 could be mounted externally to a
catheter using a variety of mounting devices, glues or
other types of arrangements. It will be understood by
those skilled in the art that the particular type of mounting
procedure for the device 20 to an existing medical device
can include a variety of different types of mounting meth-
ods. Accordingly, the particular methods described here-
in are not indicative of any limiting aspects of the usage
capabilities of the device 20.
[0074] In some embodiments described herein, hall
sensors (not shown), optical encoders (not shown), ul-
trasound, back EMF, motor saliency, or a combination
of one or more of these may be used to control and/or

monitor angular positions of the motors. It has been de-
termined that hall sensors are advantageous as a feed-
back mechanism because of their small size and mature
design. In some embodiments, the ultrasound beam or
signals emitted and/or received by transducer 28 is used
as a feedback mechanism to precisely assess or monitor
the rotational position of rotary motor 32 (and the ultra-
sound beam rotated by it) relative to the rest of device
20, ensuring proper registration of images obtained
through transducer 28. Other features may be included
with the embodiments noted herein such as indexing sys-
tems and three-dimensional ultrasound devices.
[0075] While some of the above discussion concerned
specific use in the context of ultrasound system applica-
tions, it will be understood that embodiments of device
20 could also be used for a variety of other medical pro-
cedures and with a variety of other medical devices. The
versatility of the embodiments described herein allows
device 20 to be used to guide percutaneous therapeutic
interventions such as, for example, embolism coils,
stents, filters, graphs, balloons, biopsies, and ministering
therapeutics, etc. Device 20 can be used to locate various
anatomical landmarks that will be used to correctly place
or guided therapy. Typical landmarks include confluenc-
es, bifurcations, side branches, nearby vessels, nearby
nerves, the heart, and other tissues adjacent to vessels
or other orifices containing the transducer. Device 20 can
also be used to locate diseased tissue that will be treated
or avoided. Device 20 can be used during a biopsy to
provide an image of a needle being deployed into tissue.
During a TIPS (transjugular intrahepatic portocaval
shunt) procedure an image can be produced to allow a
physician to watch a needle being placed into the portal
vein. For AAA (aortic abdominal aneurysm) graft delivery,
device 20 can allow a physician to place a guidewire into
a contralateral leg. Device 20 could also be used to image
the location of a deployed implantable device both during
and after deployment.
[0076] Although particular materials were highlighted
herein for some components of the device 20, those ma-
terials are not intended to be limiting of the types of ma-
terials which are suitable to be used in the device 20.
Additionally, where materials were not highlighted, a va-
riety of materials could be used such as certain types of
metals, polymers, ceramics or other types of materials
which are suitable for use in devices for subcutaneous
use as well as IVUS imaging procedures.
[0077] The device 20 could also be used for a variety
of other medical procedures and with a variety of other
medical devices. It will be understood by those skilled in
the art that the particular type of mounting procedure can
include a variety of different types of mounting methods.
Accordingly, the particular methods described herein are
not indicative of any limiting aspects of the usage capa-
bilities of the device 20.
[0078] In the use of the terms "rotation" or "rotational,"
e.g. with respect to a rotational axis, it should be under-
stood that even though rotation often implies an angle
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change much greater than 360°, the devices disclosed
herein may be configured in certain embodiments so that
the rotational angle may rotate through angles less than
360°. In some instances the term "pivot" may be consid-
ered by some more natural than "rotate" or vice versa,
but for the purposes of this application the terms "rotate"
and "pivot" are used for clarity to indicate the axis about
which a change in angle occurs, not the nature or mag-
nitude of the angle change.

Claims

1. A medical device, comprising:

a first motor (33) operatively coupled with a first
drive shaft (144), wherein the first drive shaft
extends substantially along a rotation axis,
wherein operation of the first motor (33) rotates
the first drive shaft (144) about the rotation axis;
a transducer (28) configured for transmitting
and/or receiving ultrasound signals, wherein the
transducer (28) is disposed to move about a piv-
ot axis which is substantially perpendicular to
the rotation axis;
characterized by a second motor (32) opera-
tively coupled with a second drive shaft (140),
wherein the second drive shaft (140) extends
substantially along the rotation axis, and where-
in operation of the second motor (32) rotates the
second drive shaft (140) about the rotation axis,
wherein the transducer (28) is operatively con-
nected with the second drive shaft (140), and
wherein a difference between the rotational
speed of the first motor (33) and the rotational
speed of the second motor determines the
speed of movement of the transducer (28) about
the pivot axis; and
wherein the first drive shaft (144) includes a cam
surface disposed to impart pivotal motion to the
transducer (28) when the first drive shaft rotates.

2. The device of claim 1, further comprising an elon-
gated slot (158) positioned to receive the cam sur-
face, wherein the cam surface is positioned on a part
of the first drive shaft (144) which is bent at an angular
offset relative to the rotation axis.

3. The device of claim 2, further comprising a cam plate
(154), wherein the elongated slot is situated in the
cam plate, and wherein the cam plate extends from
a surface of the transducer (28).

4. The device of claim 1, wherein the second drive shaft
(140) has a lumen (141) extending therethrough and
wherein the first and second drive shafts (144, 140)
are positioned concentrically.

5. The device of claim 1, wherein the first motor (33) is
axially movable along the rotation axis, and wherein
movement of the first motor (33) along the rotation
axis changes the range of motion of the transducer
(28) about the pivot axis.

6. The device of claim 1, wherein the first motor (33)
and the second motor (32) are microminiature mo-
tors.

7. The device of claim 1, wherein a bias force member
(142) is positioned between and connected to the
first motor (31) and the second motor (32).

8. The device of any one of claims 1, 4, 6 and 7, further
comprising:
a control for maintaining the second motor (32) at a
particular rotational speed or pattern.

9. The device of any one of claims 1, 4, 6, 7 and 8,
further comprising a sensor or encoder monitoring
the angular position of the second motor (32).

10. The device of any preceding claim, further compris-
ing:
a control for maintaining the first motor (33) at a par-
ticular rotational speed or pattern.

11. The device of any preceding claim, further compris-
ing a sensor or encoder monitoring the angular po-
sition of the first motor (33).

12. The device of claim 11, wherein said sensor or en-
coder monitoring the angular position of the first mo-
tor (33) includes a hall sensor.

13. The device of any preceding claim, wherein the
transducer (28) is on an application side of the first
motor (33).

14. A catheter having the device of any preceding claim
positioned therein.

Patentansprüche

1. Medizinische Vorrichtung, umfassend:

- einen ersten Motor (33), der betriebsbedingt
mit einer ersten Antriebswelle (144) gekoppelt
ist,
wobei sich die erste Antriebswelle im Wesentli-
chen entlang einer Rotationsachse erstreckt,
und
wobei beim Betrieb des ersten Motors (33) die
erste Antriebswelle (144) um die Rotationsach-
se gedreht wird;
- einen Wandler (28), der für das Senden und /
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oder Empfangen von Ultra-schallsignalen kon-
figuriert ist, wobei der Wandler (28) derart an-
geordnet ist, um sich um eine Schwenkachse
zu bewegen, die sich im Wesentlichen in einer
senkrechten Stellung zur Rotationsachse befin-
det;
dadurch gekennzeichnet,
dass ein zweiter Motor (32) vorhanden ist, der
betriebsbedingt mit einer zweiten Antriebswelle
gekoppelt ist (140),
- wobei sich die zweite Antriebswelle (140) im
Wesentlichen entlang der Rotationsachse er-
streckt,
- wobei der Betrieb des zweiten Motors (32) die
zweite Antriebswelle (140) um die Rotations-
achse dreht,
- wobei der Wandler (28) betriebsbedingt mit
der zweiten Antriebswelle (140) verbunden ist,
und
- wobei eine Differenz zwischen der Drehzahl
des ersten Motors (33) und der Drehzahl des
zweiten Motors die Bewegungsgeschwindigkeit
des Wandlers (28) um die Schwenkachse be-
stimmt; und
- wobei die erste Antriebswelle (144) eine No-
ckenplatte aufweist, die dazu dient, dem Wand-
ler (28) eine Drehbewegung zu verleihen, wenn
sich die erste Antriebswelle dreht.

2. Vorrichtung nach Anspruch 1,
ferner umfassend einen länglichen Schlitz (158), der
positioniert ist, um die Nockenplatte aufzunehmen,
wobei die Nockenplatte auf einem Teil der ersten
Antriebswelle (144) angeordnet ist, welcher mit ei-
nem Winkelversatz relativ zur Drehachse abgewin-
kelt ist.

3. Vorrichtung nach Anspruch 2,
ferner umfassend eine Nockenplatte (154),

- wobei der längliche Schlitz sich in der Nocken-
platte befindet, und
- wobei sich die Nockenplatte von einer Ober-
fläche des Wandlers (28) erstreckt.

4. Vorrichtung nach Anspruch 1,

- wobei die zweite Antriebswelle (140) ein Lu-
men (141) aufweist, welches sich durch sie hin-
durch erstreckt, und
- wobei die erste und die zweite Antriebswelle
(144, 140) konzentrisch angeordnet sind.

5. Vorrichtung nach Anspruch 1,

- wobei der erste Motor (33) axial entlang der
Rotationsachse bewegbar ist, und
- wobei die Bewegung des ersten Motors (33)

entlang der Rotationsachse den Bewegungsbe-
reich des Wandlers (28) um die Schwenkachse
verändert.

6. Vorrichtung nach Anspruch 1,

- wobei der erste Motor (33) und der zweite Mo-
tor (32) als Mikrominiaturmotoren ausgebildet
sind.

7. Vorrichtung nach Anspruch 1,

- wobei ein Vorspannungskraftelement (142)
zwischen dem ersten Motor (31) und dem zwei-
ten Motor (32) positioniert und mit diesen ver-
bunden ist.

8. Vorrichtung nach einem der vorstehenden Ansprü-
che 1, 4, 6 und 7, ferner umfassend eine Steuerung
zum Halten des zweiten Motors (32) auf einer be-
stimmten Drehgeschwindigkeit oder nach einem be-
stimmten Drehmuster.

9. Vorrichtung nach einem der Ansprüche 1, 4, 6, 7 und
8,
ferner umfassend einen Sensor oder Codierer, wel-
che die Winkelposition des zweiten Motors (32) über-
wachen.

10. Vorrichtung nach einem der vorhergehenden An-
sprüche,
ferner umfassend eine Steuerung zum Halten des
ersten Motors (33) auf einer bestimmten Drehzahl
oder nach einem bestimmten Drehmuster.

11. Vorrichtung nach einem der vorhergehenden An-
sprüche,
ferner umfassend einen Sensor oder einen Codierer
zur Überwachung der Winkelposition des ersten Mo-
tors (33).

12. Vorrichtung nach Anspruch 11,
wobei der Sensor oder Codierer zum Überwachen
der Winkelposition des ersten Motors (33) einen
Hall-Sensor umfasst.

13. Vorrichtung nach einem der vorhergehenden An-
sprüche,
wobei sich der Wandler (28) auf einer Anwendungs-
seite des ersten Motors (33) befindet.

14. Katheter, in welchem die Vorrichtung nach einem
der vorhergehenden Ansprüche positioniert ist.

Revendications

1. Dispositif médical, comprenant :
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un premier moteur (33) couplé de manière fonc-
tionnelle à un premier arbre d’entraînement
(144), le premier arbre d’entraînement s’éten-
dant sensiblement le long d’un axe de rotation,
un fonctionnement du premier moteur (33) fai-
sant tourner le premier arbre d’entraînement
(144) autour de l’axe de rotation ;
un transducteur (28) configuré pour émettre
et/ou recevoir des signaux ultrasonores, le
transducteur (28) étant disposé pour se dépla-
cer autour d’un axe de pivotement qui est sen-
siblement perpendiculaire à l’axe de rotation ;
caractérisé par un second moteur (32) couplé
de manière fonctionnelle à un second arbre
d’entraînement (140), le second arbre d’entraî-
nement (140) s’étendant sensiblement le long
de l’axe de rotation, et un fonctionnement du
second moteur (32) faisant tourner le second
arbre d’entraînement (140) autour de l’axe de
rotation, le transducteur (28) étant relié de ma-
nière fonctionnelle au second arbre d’entraîne-
ment (140), et une différence entre la vitesse de
rotation du premier moteur (33) et la vitesse de
rotation du second moteur déterminant la vites-
se de mouvement du transducteur (28) autour
de l’axe de pivotement ; et
le premier arbre d’entraînement (144) compre-
nant une surface de came disposée pour com-
muniquer un mouvement de pivotement au
transducteur (28) lorsque le premier arbre d’en-
traînement tourne.

2. Dispositif selon la revendication 1, comprenant en
outre une fente allongée (158) positionnée pour re-
cevoir la surface de came, la surface de came étant
positionnée sur une partie du premier arbre d’entraî-
nement (144) qui est pliée suivant un décalage an-
gulaire par rapport à l’axe de rotation.

3. Dispositif selon la revendication 2, comprenant en
outre une plaque de came (154), la fente allongée
étant située dans la plaque de came, et la plaque de
came s’étendant à partir d’une surface du transduc-
teur (28) .

4. Dispositif selon la revendication 1, dans lequel le se-
cond arbre d’entraînement (140) a une lumière (141)
s’étendant à travers celui-ci, et les premier et second
arbres d’entraînement (144, 140) sont positionnés
de manière concentrique.

5. Dispositif selon la revendication 1, dans lequel le pre-
mier moteur (33) est mobile axialement le long de
l’axe de rotation, et un mouvement du premier mo-
teur (33) le long de l’axe de rotation change la plage
de mouvement du transducteur (28) autour de l’axe
de pivotement.

6. Dispositif selon la revendication 1, dans lequel le pre-
mier moteur (33) et le second moteur (32) sont des
moteurs microminiatures.

7. Dispositif selon la revendication 1, dans lequel un
élément de force de sollicitation (142) est positionné
entre et relié au premier moteur (33) et au second
moteur (32).

8. Dispositif selon l’une quelconque des revendications
1, 4, 6 et 7, comprenant en outre :
une commande pour maintenir le second moteur
(32) à une vitesse ou un régime de rotation particu-
lier.

9. Dispositif selon l’une quelconque des revendications
1, 4, 6, 7 et 8, comprenant en outre un capteur ou
encodeur surveillant la position angulaire du second
moteur (32).

10. Dispositif selon l’une quelconque des revendications
précédentes, comprenant en outre :
une commande pour maintenir le premier moteur
(33) à une vitesse ou un régime de rotation particu-
lier.

11. Dispositif selon l’une quelconque des revendications
précédentes, comprenant en outre un capteur ou en-
codeur surveillant la position angulaire du premier
moteur (33).

12. Dispositif selon la revendication 11, dans lequel ledit
capteur ou encodeur surveillant la position angulaire
du premier moteur (33) comprend un capteur à effet
Hall.

13. Dispositif selon l’une quelconque des revendications
précédentes, dans lequel le transducteur (28) se
trouve sur un côté application du premier moteur
(33) .

14. Cathéter ayant le dispositif selon l’une quelconque
des revendications précédentes positionné à l’inté-
rieur de celui-ci.
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