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Description

[0001] The present disclosure concerns devices for ul-
trasound use within the human body, including devices
for employing ultrasound to image the interior of vessels,
such as blood vessels.

BACKGROUND

[0002] Devices have been proposed for using ultra-
sound imaging within blood vessels to view the condition
of the vessel and/or placement or condition of a device
placed in the vessel. However, a number of problems
with such devices remain. For example, many such de-
vices provide at best an image of a cross section of tissue
or other items of interest, i.e. a thin, disk-shaped slice of
the interior of a blood vessel with a portion in the center
that is not within the range of the ultrasound beam. Cur-
rent ultrasound imaging thus takes only a view of a two-
dimensional cross section. In some other devices, the
ultrasound beam is directed at a fixed angle that is not
substantially perpendicular to the longitudinal axis (e.g.
at 45 degrees). In this case the imaged region is static
in the form of a portion of the surface of a cone, also with
a center portion that is not within the range of the ultra-
sound beam. In either case, in order to visualize the en-
tirety of a significant length within the body (e.g. surfaces
or portions of tissue, or of devices), the device must be
moved along that length, with respective images of cross
sections at particular locations taken. Such movement
may be inexact, and may include risks associated with
blind insertion of the device through the vessel. It is also
slow. Typical pull back images take on the order of 30s
to perform (at a speed of about 0.1mm/s).
[0003] Three-dimensional intravascular ultrasound
(IVUS) images may be acquired by one-dimensional ar-
rays connected to a mechanical actuator, to move the
arrays within the vessel. Such designs are expensive and
generally require more space in a device than many ves-
sels will permit. To achieve good image quality, such ar-
ray transducers must simultaneously transmit and re-
ceive on many separate channels. That condition re-
quires many expensive and bulky coaxial cables. Fewer
coaxial cables can be used, but doing so reduces the
quality of the image and image frame rate.
[0004] There remains a need for accurate and efficient
application of ultrasound in three dimensions along a
substantial length of a vessel or other bodily area, for
example to provide a physician with a real-time view
along that length. There also remains a need for devices
that can view a medical device and one or more tissues
or tissue parts simultaneously, particularly in cases in
which the device and tissue(s) could not have been im-
aged reliably in any two-dimensional plane.
[0005] US2010/168577 A1 discloses an apparatus for
ultrasound procedures comprising a transducer for emit-
ting and/or receiving ultrasound signals, first and second
motors, wherein the first motor is operatively connected

to the transducer so that operation of the first motor turns
the transducer around a rotation axis of the apparatus,
and wherein the second motor is operatively connected
to the transducer so that pivoting motion of the transducer
around a pivoting axis transverse to the rotation axis of
the apparatus is a function of the operation of the second
motor.
[0006] US4930515, US5373845, JP2003 339697A,
JP H03 215252A and US2003/073907A1 also disclose
ultrasound devices.

SUMMARY

[0007] The invention is defined in the independent
claim 1.
[0008] Among other things, there is disclosed appara-
tus for providing an ultrasound beam with two controllable
degrees of freedom within the body of a patient. For ex-
ample, such apparatus can include a transducer for emit-
ting and/or receiving ultrasound signals, and a rotary mo-
tor including a rotatable shaft extending substantially
along a rotating axis, wherein operation of the rotary mo-
tor rotates the rotatable shaft around the rotating axis. A
pivoting mechanism, such as a gimbal mount, is opera-
tionally connected to the rotatable shaft of the rotary mo-
tor. The pivoting mechanism rotates with the rotatable
shaft, and has a base and pivoting member that is pivot-
able with respect to the base around a pivoting axis, the
pivoting axis being substantially perpendicular to the ro-
tating axis. A forcing member is operationally connected
to the pivoting member, wherein a force applied to or via
the forcing member (which may be a longitudinal force)
controls pivoting of the pivoting member around the piv-
oting axis. In particular examples, the forcing member is
a longitudinal member and/or movable with respect to
the rotatable shaft. An example of such a forcing member
includes a filament such that pulling the filament results
in pivoting the pivoting member around the pivoting axis.
A gimbal mount apparatus or other pivoting mechanism
with control of its angular velocity so that the density of
ultrasound scan lines is more uniform is contemplated.
[0009] The rotatable shaft may have a longitudinal lu-
men in some embodiments, and the forcing member can
extend at least partially through the lumen. Exemplary
forcing members include a longitudinal shaft, e.g. a shaft
of a linear motor, the longitudinal shaft extending sub-
stantially along the rotating axis, wherein operation of the
linear motor moves the longitudinal shaft along the rotat-
ing axis. The longitudinal shaft may be operationally con-
nected to the pivoting member to control the pivoting of
the pivoting member around the pivoting axis during both
turning of the rotatable shaft and operation of the trans-
ducer. Particular examples include those where the ro-
tatable shaft of the rotary motor has a lumen there-
through, and the longitudinal shaft of the linear motor has
at least a portion extending within the lumen of the rotat-
able shaft and a distal portion outside of the lumen. The
longitudinal shaft may be directly connected to the piv-
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oting member, and/or may have a rounded distal end in
contact with the pivoting member. The longitudinal shaft
can be connected to the pivoting member by a C-shaped
connector, and may be movable in two directions along
the rotating axis by the linear motor, wherein movement
of the rotating shaft in a first linear direction pivots the
pivoting member in a first pivoting direction, and move-
ment of the rotating shaft in a second linear direction
pivots the pivoting member in an opposite second pivot-
ing direction. Another type of longitudinal member can
include a shape-memory actuator, such as one that con-
tracts when heated to pivot a pivoting member. In these
and other examples, a transmission converts linear mo-
tion (e.g. of a shaft) to pivoting motion of the pivoting
member.
[0010] Further examples of such apparatus include
those in which the transducer is fixed with respect to or
is at least a part of the pivoting member, so that the trans-
ducer rotates with the rotatable shaft of the rotary motor,
and those in which a mirror fixed with respect to or at
least a part of the pivoting member (e.g. a pivoting mem-
ber which is or includes a mirror) rotates with the rotatable
shaft of the rotary motor, and reflects an ultrasonic beam
from the transducer. The recited pivoting member is
spring-biased in some embodiments to an initial orienta-
tion relative to the base, and when force applied to or via
the forcing member is released, the pivoting member re-
turns toward the initial orientation.
[0011] A tubular member for housing the transducer,
rotary motor, gimbal mount or other pivoting mechanism
and at least part of the longitudinal member is provided
in particular embodiments. Such a tubular member may
have a distal chamber defined at least in part by a wall
portion of the tubular member, the distal chamber hous-
ing at least the transducer and a medium, the wall portion
and the medium having similar acoustic impedance to
the part of the body into which the tubular member is
inserted, so that reflection of ultrasound at the boundary
of the medium and the wall portion and at the boundary
of the wall portion and body environment is reduced to a
level acceptable for imaging through the boundary. The
pivotable member optimally has a range of motion around
the pivoting axis of a magnitude of at least 150 degrees,
particularly for embodiments in which a transducer is con-
nected to the pivoting member. In configurations in which
a mirror is or is attached to the pivoting member, for every
1 degree the mirror moves with the pivoting member, the
ultrasound beam moves 2 degrees, and so smaller rang-
es of motion may be adequate. For example, in designs
in which placement of the mirror and transducer limits
the forward-looking ability of the ultrasound beam (e.g.
because the transducer is forward of the mirror and thus
in the way of part of the beam) a range of motion about
the pivoting axis of about 60 degrees is adequate, since
for every 1 degree the mirror moves the ultrasound beam
moves 2 degrees, and since some embodiments of mirror
designs cannot be forward looking because the trans-
ducer is in the way. In some embodiments, e.g. those in

which the transducer is fixed with respect to or is at least
part of the pivotable member, the pivotable member has
a range of motion such that the transducer can be ori-
ented so that it emits ultrasound signals substantially
along the rotary motor’s axis of rotation and away from
the rotary motor.
[0012] With the use of two independent mechanical
motors, as further described below, the transducer
sweep pattern may be set arbitrarily. This allows the
transducer to acquire images in flexible ways not possible
with existing ultrasound devices. For example, the dis-
closed transducer system may acquire images in any
plane passing through the transducer. Additionally, the
transducer may sweep through a three-dimensional re-
gion of tissue. The motor platform allows a flexible choice
of the sweep pattern. In most dynamic applications where
frame rate is important, the image will be restricted to a
single plane or small three-dimensional sector. Embod-
iments in which the rotation of the rotatable shaft about
the rotating axis (the rotary motor’s axis of rotation) and
the pivoting of the pivoting member about the pivoting
axis are separably operable at one or more frequencies,
so that the user can choose from multiple ultrasound scan
patterns. In embodiments in which a rotary motor and
linear motor are used, as one illustration, the rotary motor
and linear motor are separably operable at one or more
frequencies, so that the user can choose from multiple
scan patterns. The rotary motor and pivoting mechanism
(e.g. via a linear motor) can be configured so that the
rotary motor turns faster when the pivoting mechanism
is in a state such that the ultrasound signals are pointing
in a direction close to the motor’s axis of rotation (e.g.
more forward-looking), and the rotary motor turns slower
when the pivoting mechanism is in a state such that the
ultrasound signals are pointing in a direction further from
the motor’s axis of rotation (e.g. more side-looking). That
is, as the signals (or ultrasound beam) move with the
pivoting mechanism toward the rotating axis, the angular
speed of the signals increases, and as the signals move
with the pivoting mechanism away from the rotating axis,
the angular speed of the signals decreases.
[0013] As discussed in further detail below, the disclo-
sure includes apparatus for ultrasound procedures that
includes a transducer for emitting and/or receiving ultra-
sound signals and first and second motors, wherein the
first motor is operatively connected to the transducer so
that operation of the first motor turns the transducer
around a rotation axis of the apparatus, and wherein the
second motor is operatively connected to the transducer
so that pivoting motion of the transducer around a pivot-
ing axis transverse to the rotation axis of the apparatus
is a function of the operation of the second motor. In
particular embodiments, the first motor is a rotary motor
and the second motor is one of a linear motor and a rotary
motor. The first motor may turn a first shaft having a lumen
and operatively connected to the transducer, and the sec-
ond motor may operate a second shaft that extends
through the lumen of the first shaft and is operatively

3 4 



EP 2 906 126 B1

4

5

10

15

20

25

30

35

40

45

50

55

connected to the transducer. Such apparatus can also
include a pivoting mechanism operationally connected
to the first motor so that the pivoting mechanism rotates
in response to operation of the first motor. Exemplary
pivoting mechanisms have a base and pivoting member
that is pivotable with respect to the base around the piv-
oting axis, the pivoting axis being substantially perpen-
dicular to the rotation axis. A forcing member may be
operationally connected to the pivoting member, wherein
a force applied via the forcing member controls pivoting
of the pivoting member around the pivoting axis. The
transducer can be, or be at least part of, the pivoting
member. Particular embodiments of the pivoting mech-
anism include a pair of arms extending from the base
and a sliding plate adapted to slide along the arms and
connected to the forcing member, the sliding plate being
threadedly connected to the second shaft. The transduc-
er and/or pivoting mechanism is spring-biased in some
examples to an initial orientation relative to the base, and
when force applied via the forcing member is released,
the pivoting member returns toward the initial orientation.
The pivoting mechanism may be described in particular
instances as a gimbal mount apparatus.
[0014] In some embodiments, the second motor is a
linear motor, and the forcing member is or includes the
second shaft, which extends substantially along the ro-
tation axis. Operation of the second motor moves the
second shaft along the rotation axis, with the second shaft
being operationally connected to the transducer to con-
trol the pivoting of the transducer around the pivoting
axis. The second shaft may be directly connected to the
pivoting member, or as one alternative the second shaft
is connected to the pivoting member by a pivoting con-
nector. The forcing member is movable in some embod-
iments in two directions along the rotation axis by oper-
ation of the second motor, wherein movement of the forc-
ing member in a first linear direction pivots the transducer
in a first pivoting direction, and movement of the forcing
member in a second linear direction pivots the transducer
in an opposite second pivoting direction.
[0015] In certain embodiments, the first and second
motors are separably operable at one or more speeds,
whereby a desired ultrasound scan pattern can be ob-
tained. The first motor can be configured so that the first
motor turns faster when the pivoting mechanism is in a
state such that the ultrasound signals are pointing in a
direction closer to the first motor’s axis of rotation, and
the first motor turns slower when the pivoting mechanism
is in a state such that the ultrasound signals are pointing
in a direction further from the first motor’s axis of rotation.
[0016] Examples of the apparatus, e.g. those for use
within the body, can further include a tubular member for
housing the transducer and the first and second motors.
Such a tubular member can include a distal chamber
defined at least in part by a wall portion of the tubular
member, the distal chamber housing at least the trans-
ducer and a medium. The wall portion and the medium
preferably have similar ultrasound passage characteris-

tics to a part of the body into which the tubular member
is to be inserted, so that reflection of ultrasound at the
boundary of the medium and the wall portion and at the
boundary of the wall portion and body environment is
reduced to a level acceptable for imaging through the
boundary.
[0017] In some embodiments, the first and second mo-
tors are both rotary motors, and wherein pivoting motion
of the transducer is a function of the difference between
the rotational speeds of the first and second motors. The
forcing member may be one of a flat bar and a formed
wire. The arms of the pivoting mechanism may each in-
clude at least one limit stop for blocking movement of a
sliding plate beyond such limit stops.
[0018] A particular example of a pivoting mechanism
includes a pair of arms extending from the base, and has
an unstressed condition in which the respective angles
between each arm and the base are each less than 90
degrees. Each of the arms has a respective indentation
and at least one of the pivoting member and the trans-
ducer include opposing corresponding indentations. A
pair of inserts is provided, each insert placed within re-
spective corresponding indentations of the arms and piv-
oting member or transducer, so that the pivoting mech-
anism assumes a stressed condition in which the respec-
tive angles between each arm and the base is increased,
creating spring force that is sufficient to keep the pivoting
mechanism and inserts in place with respect to the arms.
[0019] Certain embodiments discussed herein allow
images to be acquired in the forward (i.e. generally away
from the user) direction. Forward-looking applications
open new possibilities for therapeutic guidance. It also
allows the placement of the ultrasound catheter with for-
ward visualization, so that the physician can observe with
ultrasound the path of the ultrasound catheter and need
not place it "blindly." In existing ultrasound catheters, the
image plane is behind the distal tip of the device, and so
the tip’s location in always unobservable via the catheter
itself. The ability of the current embodiments to see for-
ward during placement eliminates or reduces hazards of
blind placement and/or the need for an external monitor
for the ultrasound catheter’s progress.
[0020] The embodiments disclosed herein are intend-
ed to use ultrasound imaging to guide diagnostic or ther-
apeutic medical procedures, including interventions. Ex-
amples of such procedures include those in the circula-
tory system, including IVUS procedures. Three-dimen-
sional capability of the imaging system is considered a
major advantage for use in many therapies because of
the inherently three-dimensional nature of many proce-
dures. As one example, placement of an abdominal aortic
aneurysm graft requires that a guide wire be fed through
the contralateral limb of the patient. The location of both
the wire tip and the contralateral limb must be known and
updated in real time during the placement. Such infor-
mation cannot be contained in a two-dimensional image
or projection, and so use of two-dimensional imaging de-
vices require a "guess and check" method of placement,
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under external fluoroscopic guidance or two-dimensional
ultrasound.
[0021] These and other embodiments and examples
are discussed in further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 is a schematic part cross-sectional side view
of an embodiment of an end portion of a three-di-
mensional internal ultrasound device.
FIG. 1A is a schematic representation of the embod-
iment of a three-dimensional ultrasound device as
in FIG. 1.
FIG. 2 is a perspective view of an embodiment of a
pivoting mechanism useful in the embodiment of
FIG. 1.
FIG. 3 is a perspective view of another embodiment
of a pivoting mechanism useful in the embodiment
of FIG. 1.
FIG. 4 is a schematic part cross-sectional side view
of an embodiment similar to that of FIG. 1 with a
particular embodiment of internal structure.
FIG. 5 is a schematic part cross-sectional side view
of an embodiment not falling under the scope of the
invention, similar to that of FIG. 1, showing a pivot-
able mirror and a stationary transducer.
FIG. 6 is a schematic part cross-sectional side view
of an embodiment not falling under the scope of the
invention, similar to that of FIG. 1, showing shape-
memory actuator.
FIG. 7 is a side view of an embodiment of a three-
dimensional ultrasound device.
FIG. 8A is a perspective view of a portion of the em-
bodiment of FIG. 7 in a first condition.
FIG. 8B is a perspective view of a portion of the em-
bodiment of FIG. 7 in a second condition.
FIG. 8C is a perspective view of a portion of the em-
bodiment of FIG. 7 in a third condition.
FIG. 9 is a perspective view of the embodiment of
FIG. 7 with a particular electrical connection.
FIG. 10 is a top plan view of an alternative embodi-
ment of a portion of the embodiment of FIGS. 1 or 7.

DETAILED DESCRIPTION OF THE ILLUSTRATED EM-
BODIMENTS

[0023] For the purposes of promoting an understand-
ing 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, such alterations
and further modifications in the illustrated embodiments,
and such further applications of the principles of the dis-
closure as illustrated therein being contemplated as
would normally occur to one skilled in the art to which

the disclosure relates.
[0024] Referring now generally to the drawings, there
are shown embodiments of a device 20 for internal ultra-
sound procedures. Such devices may be diagnostic or
therapeutic (including interventional) in application, and
include devices inserted percutaneously, subcutaneous-
ly or endoluminally into the patient. Examples of such
devices include embodiments designed for intravascular
ultrasound (IVUS) imaging or treatment.
[0025] In the embodiment of FIG. 1, device 20 is a cath-
eter or other flexible elongated or tubular member 22
having a wall 24 defining an internal chamber 26, with
catheter 22 being sized and configured for insertion into
and/or travel along the vascular system. Within catheter
22 and chamber 26 in this embodiment are a transducer
28, a pivoting mechanism 30 for transducer 28, a rotary
motor 32, and a linear motor 34. As will be discussed
further below, transducer 28 can be turned around a ro-
tating axis of device 20 as well as pivoted around an axis
substantially perpendicular to that rotating axis, allowing
the direction of ultrasound emission and reception to ex-
tend forward and rearward of the location of transducer
28. In the illustrated embodiments, the rotating axis is
the longitudinal axis of device 20, and the pivoting axis
is a lateral axis (e.g. perpendicular to the longitudinal
axis).
[0026] Catheter 22 in the illustrated embodiment is an
elongated device of plastic or other sturdy flexible mate-
rial that presents a barrier to the passage of ultrasound
signals small enough (i.e. the difference in acoustic im-
pedance at the boundary of the material and the sub-
stances adjacent it) that ultrasound images may be rea-
sonably acquired through the barrier (an "acoustic win-
dow"). For example, when used within a blood vessel
containing body tissues and blood, it is preferable for
catheter 22 to be at least partially (e.g. at least in and/or
adjacent to wall 24) constructed of a material which has
acoustic impedances similar to that of body fluids such
as blood. It will be understood that only the distal end of
catheter 22 (e.g. wall 24) need be acoustically transpar-
ent, but more or all of catheter 22 may be made of the
same material as wall 24 in some embodiments. Possible
materials could include, for example, a polymer material
such as polyethylene (PE),) polymethylpentene (PMP),
or acrylonitrile butadiene styrene (ABS). It has been de-
termined that a preferred thickness of at least the portion
of catheter 22 which serves as the viewing window should
be approximately 1/2 of the wavelength corresponding
to center frequency.
[0027] Wall 24 surrounds chamber 26, which is at the
distal end of device 20 in the illustrated embodiment, and
extends proximally. The proximal end of wall 24 and/or
catheter 22 may extend outside of the patient during use,
and may end in a handle or other operating portion (e.g.
an imaging system and/or a maneuvering system sche-
matically indicated at 35 in FIG. 1A). Particular embodi-
ments of catheter 22 or at least chamber 26 are cylindri-
cal, and are sized for insertion into and passage through
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blood vessels, such as insertion into the femoral artery
and passage through it toward the heart. Wall 24 may
have a port 27 or other feature to allow injection of fluid
into chamber 26 to give chamber 26 ultrasound charac-
teristics similar or substantially identical to that of wall 24
and the surrounding bodily environment (e.g. the blood
stream). Sealing members are placed between motor 32
and chamber 26 or the portion of chamber 26 containing
transducer 28 and a fluid, in the illustrated embodiments.
[0028] 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. It will further be understood that "transducer"
as used herein includes devices that transmit ultrasound
(i.e. transform an electrical (RF) signal to ultrasound),
receive ultrasound (i.e. transform ultrasound to an elec-
trical (RF) signal), or both. If multiple transducers or piec-
es are provided, transmission of ultrasound may occur
at one and reception at another. Transducer(s) as de-
scribed herein may have one or more piezoelectric ele-
ments as respective transducers, and may operate in
combination with other transducers within or outside the
body. As examples, "transducer" as used herein includes
a single element transducer on a rotating and pivoting
member, a one-dimensional array of elements on a ro-
tating and pivoting member, and a stationary single ele-
ment transducer generally aimed at a mirror on a rotating
and pivoting member.
[0029] An exemplary transducer 28 includes a body or
backing layer 40 with a transducer element 42 attached
to one side of body 40, and one or more clamping rings
44. An impedance matching layer (not shown) may also
be attached to transducer element 42, e.g. opposite body
40. Positioning element 42 as indicated, on the side of
body 40, allows both a generally lateral (i.e. away from
the rotating axis) and forward ultrasound beam direction
depending on pivoting, as further discussed below. Body
40 may substantially absorb ultrasound signals, so that
such signals are effectively only projected in one general
direction outward from element 42, e.g. to one side or in
a limited angular range radially from body 40. Clamping
rings 44 have been determined to improve efficiency and
mechanical stability of transducer 28. Transducer 28 is
capable of sending and receiving ultrasound waves in a
range of frequencies which are typically used in medical
ultrasound procedures, such as, for example, in the
range from 2 MHz to 50 MHz.
[0030] Transducer 28 is electronically connected to a
power source and to an imaging system. Examples of
connections include conductors (e.g. wires or cables)
along wall 24, through a central lumen of a motor shaft,
via slip ring connections, and/or via metallic film(s) along
wall 24.
[0031] Transducer 28 is mounted in a pivoting mech-
anism 30 to permit transducer 28 to turn around a rotating
axis as well as pivot around a pivoting axis. In the illus-
trated embodiments, the pivoting mechanism is a two-
axis gimbal or gimbal-type mounting, having an outer

frame piece or base 50 including a center portion 52 with
a hole 54 therethrough and matching arms 56 extending
laterally of hole 54 from center portion 52. Hole 54 is
sized and configured to accommodate a portion of a shaft
from rotary motor 32, so that the shaft can turn pivoting
mechanism 30. A pivoting element 58 fits into holes 60
in arms 56. Pivoting element 58 in the illustrated embod-
iment is a circular disk 62 having side ears 64 that fit into
holes 60 and act as an axle, so that element 58 can pivot
around the axis defined by ears 64. One or more springs
66 bias pivoting element 58 to a particular initial or original
position. In the illustrated embodiment, a torsion spring
66 is connected to an arm 56 at or toward one end, and
to an ear 64 at the other (e.g. by inserting an end of spring
66 into a groove in ear 64). A second torsion spring 66
may be similarly attached to the other arm 56 and ear
64, which are not visible in FIG. 2. The particular embod-
iment shown in FIG. 2 includes a plate 68 fixed to element
58, with plate 68 having a hole 69 for attaching a filament
(e.g. suture, string or similar item, not shown). Such a
filament can extend from plate 68 through catheter 22
and can be pulled or used to transmit pulling force to
plate 68, to pivot element 58.
[0032] In particular embodiments, pivoting element 58
may be a backing, base or substrate on which body 40
of transducer 28, or transducer 28 itself, is fixed. In other
embodiments, body 40 may include ears so as to become
the pivoting element in mounting 30, or a separate axle
may be provided with mounting 30 to which body 40 of
transducer 28 is directly or indirectly fixed. Mounting 30
permits transducer 28 to turn around a rotating axis, via
transmission of rotational motion from rotary motor 32 to
mechanism 30, and to pivot transducer 28 at the same
time, via pulling or pushing force on body 40 of transducer
28 or a disk portion of pivoting element 58 to move it
around the transverse axis formed by pivoting element
58 or a similar axle. Pivoting element 58 is thus able to
rotate about both the pivoting and axial directions.
[0033] Rotary motor 32 includes a rotating shaft 70 for
connecting to mechanism 30, as by interference or sim-
ilar fit or by other fixed attachment (e.g. by adhesive,
solder or welding) within hole 54 of mounting 30. Rotary
motor 32 is a microminiature motor in particular embod-
iments suitable for containment within chamber 26 of
catheter 22. Examples of such microminiature motors
include piezoelectric or electromagnetic motors of a size
and configuration suitable for containment within cham-
ber 26 of catheter 22 may be used. For example, a par-
ticular embodiment of motor 32 is a three-phase, core-
less, brushless DC electromagnetic motor, which has few
components, small size and minimal complexity. In other
examples, a piezoelectric microminiature motor may be
used for its advantage of not requiring a gearhead (me-
chanical transmission) to achieve high torque, and to
eliminate problems with torque cables and rotary trans-
formers. A microminiature motor 32 (e.g. electromagnet-
ic or piezoelectric) has a diameter in the range of 0.3 mm
to 4 mm in particular embodiments, for example approx-
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imately 2.0 mm. Shaft 70 is hollow (i.e. defining a lumen
72 therethrough) in a particular embodiment, and ex-
tends through the entirety of motor 32 (e.g. a dual shaft
motor). Lumen 72 through shaft 70 permits pulling or
pushing mechanisms, electrical conductors, guide wires,
or other structures to pass through shaft 70. Pulling or
pushing mechanisms, as discussed further herein, oper-
ate pivoting element 58.
[0034] Rotary motor 32 may be configured to rotate
shaft 70 continuously in a single rotational direction. In
such embodiments, pivoting mechanism 30 and trans-
ducer 28 are rotated around the rotating axis of shaft 70
in that single rotational direction. One or more of the back
EMF, the ultrasound signal emitted and/or received by
transducer 28, and motor saliency can be used as a feed-
back mechanism to precisely control the rotational posi-
tion of rotary motor 32 (and transducer 28 rotated by it)
relative to the rest of device 20, ensuring proper regis-
tration of images obtained through transducer 28. Rotary
motor 32 may alternatively be configured to run in a re-
ciprocating motion, with shaft 70 switching between ro-
tation in a first rotary direction (e.g. for a predetermined
time, arc or number of turns) and rotation in a second,
opposite, rotary direction (e.g. for a predetermined time,
arc or number of turns). Hall sensors (not shown), or ul-
trasound, back EMF, motor saliency, or a combination
of one or more of these, may be used in such a recipro-
cating embodiment to control and/or monitor angular po-
sition of motor 32.
[0035] In the illustrated embodiment, linear motor 34
has a shaft 80 that passes through lumen 72 of hollow
shaft 70 of rotary motor 32, with a portion of the distal
end of shaft 80 extending beyond the end of shaft 70. As
indicated above, shaft 80 may be configured to join with
shaft 70 so that rotation of shaft 70 also rotates shaft 80,
or in other embodiments shaft 80 may remain unrotated
by shaft 70 during use, as with a bearing or spacing ar-
rangement (not shown). In either case, shaft 80 is able
to move linearly (longitudinally) within and with respect
to shaft 70, so that the amount of shaft 80 extending from
the end of shaft 70 can vary. As will be discussed further
below, the activation of motor 34 may extend and/or re-
tract shaft 80 with respect to shaft 70, so as to use shaft
80 to transmit force to pivoting mechanism 30.
[0036] Linear motor 34, in one example, is an electro-
magnetic motor similar to a voice coil, used extensively
for loudspeakers, which operate by creating a high static
magnetic flux (e.g. by a permanent magnet) in the lateral
direction (e.g. perpendicular to the rotating axis of the
motor). An electrically conductive coil is placed through
this flux and when current is applied to the coil a force in
the axial direction is created, pulling or pushing shaft 80.
The placement of the coil, permanent magnet, and mag-
netic conductors is relatively flexible, and many configu-
rations are possible. Because of angular symmetry, the
system can be designed so that shaft 80 can rotate rel-
ative to the stator without effecting motor performance.
Thus, in some embodiments shaft 80 can rotate with shaft

70 of rotary motor 32 to simplify the system 20, while in
other embodiments shaft 80 will remain stationary with
respect to the shaft 70 of rotary motor 32.
[0037] Shaft 80 is a transmission element, transmitting
force generated by linear motor 34 to pivoting element
58 in the illustrated embodiments. As examples, shaft 80
may be a single item that provides forward (pushing)
force when linear motor 34 is activated. When motor 34
is deactivated (i.e. forward pushing force is released),
then shaft 80 may retract, as by being pushed backward
through action of spring 66 on the above-described em-
bodiment of pivoting mechanism 30. In another embod-
iment (FIG. 3, described further below), single shaft 80
is connected to a C-shaped connector 82, which is also
connected to pivoting element 58. In this embodiment,
linear motor 34 provides both push and pull control, with
activation of linear motor 34 in one mode to push shaft
80 and connector 82, thereby pushing pivoting element
58 and rotating it in one direction around a pivoting axis.
Activation of motor 34 in a second mode pulls shaft 80
and connector 82 backward, rotating pivoting element 58
in the opposite direction.
[0038] In embodiments in which a bias (e.g. spring 66)
is provided, pivoting member 58 (along with transducer
28) and shaft 80 are pushed back by the bias. Where
there is no activation or energizing of linear motor 34,
shaft 80 and pivoting member 58 will be at an initial static
position. In particular embodiments, that initial static po-
sition is such that transducer 28 faces substantially lat-
erally (i.e. perpendicularly) to the rotating axis A of device
20, while in other embodiments that initial static position
may be such that transducer 28 is turned substantially
rearward (i.e. away from the distal end of device 20), e.g.
at an angle that would allow some or all of ultrasound
signals from transducer 28 to clear motor 32 and/or motor
34. As seen in FIG. 1, a field G of range of the ultrasound
beam or signals is indicated by dashed lines oblique to
axis A, and encompasses the volume around distal end
of device 20, e.g. 270 degrees or more in a given plane.
With the bias, motor 34 can be calibrated so that a par-
ticular amount of forward force by motor 34, applied
against the known bias, will result in a particular amount
of travel of shaft 80 and pivoting of pivoting member 58,
and therefore a known angle for transducer 28 relative
to device 20 and the vessel in which it is placed.
[0039] An example of a push-pull mechanism connect-
ing shaft 80 with pivoting member 58 is shown in FIG. 3.
A C-shaped connector 82 has a middle portion 83 and
two end portions 84 that are substantially perpendicular
to middle portion 83 in this embodiment. One end portion
84 is attached to pivoting member 58, as through inser-
tion into a hole in pivoting member 58, which may be in
an extension on member 58 as exemplified in FIG. 3.
The other end portion 84 is attached to shaft 80 in much
the same way, as by inserting it into a hole in shaft 80.
End portions 84 are pivotable with respect to their re-
spective connected parts (pivoting member 58 or shaft
80 in particular embodiments). Forward motion (to the
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left in FIG. 3) of shaft 80 pushes connector 82, with one
end portion 84 pushing on pivoting member 58 to pivot
it around pivoting axis L. In the illustrated embodiment,
such pushing causes a counterclockwise rotation of piv-
oting member 58 around axis L, as viewed in FIG. 3.
Retraction of shaft 80 via reversal of linear motor 34 pulls
connector 82, with an end portion 84 pulling pivoting
member 58 to pivot it clockwise (as viewed in FIG. 3)
around pivoting axis L. Control of the position of shaft 80
thus controls the angular position of pivoting member 58
and transducer 28.
[0040] The embodiment of a pivoting mechanism 30
shown in FIG. 3 has many similarities to FIG. 2, and
shows a substantially U-shaped pivoting frame or base
50 within which is pivotably fitted a pivoting member 58.
Pivoting member 58 is fitted so as to be pivotable within
frame 50 around pivoting axis L. In this embodiment,
transducer 28 is at least part of the pivoting member, and
conductors to transducer 28 are not shown for clarity in
the drawing. Pivoting member 58 in this embodiment in-
cludes an extension 59 with a hole for connector 82. As
seen in FIG. 3, in this embodiment extension 59 is at or
adjacent the perimeter of pivoting member 58. Shaft 70
of rotary motor 32 and shaft 80 of linear motor 34 are
shown.
[0041] In the embodiment of FIG. 4, shaft 80 has a
rounded tip portion 81 that is adapted to engage pivoting
member 58 on a side opposite to transducer 28 or trans-
ducer element 42. Pivoting member 58 and transducer
28 are connected to a base or frame 50 so that they can
pivot about pivoting axis L. As shaft 80 is moved forward
(rightward, as seen in FIG. 4), it pushes pivoting member
58 at a point offset from the pivoting axis L. Pivoting mem-
ber 58 rotates around the pivoting axis L (clockwise as
seen in FIG. 4) against the bias of pivoting member 58
(e.g. from spring 66 seen in FIG. 2). When pushing force
is partially or entirely released, the bias returns pivoting
member toward or to an initial position, pushing shaft 80
proximally. Rounded tip portion 81 is advantageous as
it permits the application of the pushing force while piv-
oting member 58 of a pivoting mechanism 30 is turning
around the rotating axis, and presents a small surface
(e.g. a tangent point) against pivoting member 58, reduc-
ing friction between tip portion 81 and pivoting member
58. In embodiments in which no spring or similar bias is
provided for mounting element 30, a feedback sensor
(not shown) can be operatively connected to shaft 80 to
determine how far shaft 80 is extended from shaft 70,
and thereby how much pivoting of pivoting member 58
has taken place. A return force or bias can be provided
by centripetal force.
[0042] Device 20 provides an ultrasound signal sweep
or field that not only turns around the rotating axis A of
device 20 but also is pivotable to look forward and/or
rearward of the particular position of transducer 28. For
example, a pivoting element (e.g. element 58 with trans-
ducer 28) is able to rotate about both pivoting and rotating
axes. In embodiments having linear motor 34, shaft 80

is operatively connected to mounting element 30.
[0043] Other embodiments for controlling the pivoting
of transducer 28 are also contemplated. For example, a
length of flexible material 90, such as a cord, string, su-
ture or similar filament, can be placed along device 20,
through hollow shaft 70 of rotary motor 32 to plate 68 of
pivoting element 58. Pulling cord 90 transmits tension to
pivoting element 58, resulting in pivoting in a clockwise
direction (as seen in the example of FIG. 2) against the
bias of torsion spring 66. When pulling on cord 90 ceases,
the bias of spring 66 returns pivoting element 58 (and
transducer 28) to an original static position. Such a cord
90 may be attached to linear motor 34 and/or shaft 80,
so that linear motor 34 provides pulling force.
[0044] As another example, a push-only linear force
may be provided, against a bias provided in an opposing
direction to the bias indicated above by torsion spring 66.
A rigid shaft 102 is attached to linear motor 34, and ac-
tivation of linear motor 34 forces shaft 102 forward, in
turn pushing the side of pivoting element 58 and causing
rotation of pivoting element 58.
[0045] In other embodiments of device 20 in which mo-
tion around one axis (a pivoting or rotational axis) of trans-
ducer 28 is preferred to be slower, a shape memory ac-
tuator (SMA) can be employed. For instance, where a
slower pivoting axis is desired, the SMA may be used as
a forcer in place of shaft 80 and linear motor 34. The
SMA uses a material that changes shape as one or more
operating characteristics changes. A typical example is
a wire of nickel-titanium alloy configured to contract when
heated due to the material’s shape memory properties,
with the contraction being about 3% of the total length of
the wire. The wire may be heated by current passing
through it, and when such current is removed, the wire
cools and expands toward its original length. Bias force
may be provided to assist the expansion.
[0046] In FIG. 6, there is shown an embodiment of de-
vice 20, which does not fall under the scope of the inven-
tion, in which a wire 111 of one or more filaments of SMA
material, e.g. nickel-titanium wire as noted above, fits
through lumen 72 in shaft 70 of rotary motor 32 to link to
a pivoting mechanism 30, as at a slip tension joint 113.
Slip tension joint 113 allows transducer 28 to rotate, while
wire 111 does not rotate. Wire 111 is connected to a rigid
plate 115 that constrains linear motion of wire 111, which
in this embodiment is fixed to motor 32. Wire 111 is further
connected to a source of electrical current, as by one or
more wires 117. When the current is applied, wire
111warms (e.g. a cycle on the order of 0.1 seconds for
small diameter wire), and as it warms, it changes shape
by contracting in length generally along the rotating axis
within shaft 70, causing the inclination of wire 111 to de-
crease (i.e. point more toward the rotating (longitudinal)
axis of device 20. The contraction and/or inclination
change by wire 111 pulls on a portion of pivoting mech-
anism 30 (e.g. slip tension joint 113), pivoting the pivoting
mechanism around the pivoting axis, substantially as de-
scribed above when shaft 80 moves along the rotating

13 14 



EP 2 906 126 B1

9

5

10

15

20

25

30

35

40

45

50

55

axis. Discontinuing the current allows wire 111 to cool
and extend toward its prior length, and as described
above, such a change can be turned into pivoting of trans-
ducer 28 back to an original position or orientation, as by
a bias.
[0047] Embodiments noted above have placed trans-
ducer 28 in contact or association with pivoting element
58, so that turning mounting member 30 via rotary motor
32 and adjusting pivoting element 58 via linear motor 34
acts essentially directly on transducer 28. In these em-
bodiments, transducer 28 is turned and pivoted to emit
and receive ultrasound signals directly to the vessel or
other tissue. It will be understood that other embodiments
of device 20, which do not fall under the scope of the
invention, (e.g. FIG. 5) can include a mirror 100 attached
to or associated with pivoting mechanism 30 (e.g. par-
ticularly pivoting member 58), so that mirror 100 turns
through the action of rotary motor 32 and pivots through
the action of linear motor 34. A stationary transducer 128
(at the distal end of device 20 in this embodiment) emits
ultrasound signals which reflect from mirror 100 to the
tissue, and mirror 100 reflects the returning signal to
transducer 128. Conductors 129, 131 are provided to
transfer electrical signals to transducer 128 for creation
of ultrasound waves, and to transfer signals representing
ultrasound echoes from transducer 28 to an imaging sys-
tem. The ultrasound beam from and to transducer 128
moves two degrees for every one degree of pivoting by
mirror 100, in such embodiments, and thus such embod-
iments provide a similar or wider field for the ultrasound
beam as is provided above, with a smaller or similar linear
motion or force provided by linear motor 34.
[0048] To address ultrasound reflectivity at the bound-
ary between chamber 26 and blood or other body fluid
in which device 20 is placed, a fluid F is placed in chamber
26 that presents ultrasound-carrying characteristics that
are similar to the fluid outside of chamber 26. In embod-
iments used for IVUS procedures, examples of fluid F
can be a saline solution, mineral oil, castor oil or other
types of oils, or alcohols, so that the ultrasound charac-
teristics (e.g. acoustic impedance) within chamber 26are
similar to those outside chamber 26 (i.e., blood in a blood
vessel). A port P may be placed in the wall 24 bounding
chamber 26 to allow a user to inject fluid F into chamber
26 just prior to use of device 20. Port P can then self-
seal, so that little or no fluid F escapes from chamber 26.
One or more seals may be placed in device 20 to separate
fluid F in chamber 26 from motor(s) 32, 34. Saline and/or
alcohol have very good acoustic transmission and low
viscosity (low friction), but they are corrosive and must
be injected or otherwise placed in chamber 26 at the time
of use. Oils (e.g. mineral or caster oil) have slightly worse
acoustic properties and much higher viscosity (higher
friction), but may be placed in chamber 26 well before
using device 20.
[0049] An example of using device 20 in the context of
IVUS will now be given. As previously noted, it will be
understood that devices as disclosed herein may be used

in other types of internal procedures as well.
[0050] Device 20 is prepared (e.g. by injecting fluid F
into chamber 26, if not already present) and inserted into
a blood vessel of a patient and maneuvered to a desired
location within the vasculature. Transducer 28 may be
operated during travel to the desired location, since the
transducer 28 can be pivoted through use of linear motor
34 or other linear force-provider to face at least generally
forward of device 20. Throughout placement and at a
desired imaging location, rotary motor 32 can be operat-
ed to turn transducer around the rotating axis to provide
images around device 20, and linear motor 34 (as one
example) can be operated to pivot transducer around a
pivoting axis to shift the ultrasound field forward and/or
backward. Controls for motors 32 and/or 34 (not shown)
may be provided to maintain one or both at a particular
rotational speed or pattern. For example, modalities such
as a spin around the rotating axis of between 30-100 Hz
may be combined with a slower pivoting around the piv-
oting axis of about 1-2 Hz, to provide clear images for-
ward and backward in a defined pattern. It has also been
determined that a relatively slow spin around the rotating
axis (e.g. about 1-2 Hz) combined with pivoting around
the pivoting axis more rapidly, e.g. near a resonant fre-
quency of device 20 can provide good results. A modality
providing a faster rotation around the rotating axis when
transducer 28 is pointed closer to the rotating axis and
slower rotation around the rotating axis when transducer
28 is further from the rotating axis is also useful for im-
proving the image frame rate and clarity. Imaging con-
tinues, with adjustments to the positioning of transducer
28 and the ultrasound field, as the physician deems nec-
essary or useful.
[0051] Embodiments of device 20 used in IVUS would
preferably be about 2.7-3.0 mm or less in diameter, so
as to be effective in the human vasculature. Linear motor
34 and rotary motor 32 each may have a length of ap-
proximately 2.5 mm in particular embodiments. With
mounting 30 and transducer (piezoelectric element) 28
included, an overall length may be approximately 10 mm
in overall length. While device 20 is described in part
above in the context of intravascular (IVUS) uses, it will
be understood that embodiments of device 20 could also
be used for other medical procedures and/or with a va-
riety of other medical devices. The versatility of the em-
bodiments described herein allows IVUS to be used to
guide percutaneous therapeutic interventions such as for
example embolism coils, stents, filters, graphs, balloons,
biopsies, and administering 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 confluences, bifurcations, side
branches, nearby vessels, nearby nerves, the heart, and
other tissues adjacent to vessels or other orifices con-
taining the IVUS 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

15 16 



EP 2 906 126 B1

10

5

10

15

20

25

30

35

40

45

50

55

TIPS procedure an image can be produced to allow a
physician to watch a needle being placed into the portal
vein. For AAA delivery, device 20 can allow a physician
to place a guide wire into a contralateral leg. Device 20
could also be used to image the location of a deployed
implantable device both during and after deployment.
[0052] FIGS. 7-10 represent embodiments of structure
of a device 220 for internal ultrasound procedures. This
embodiment of device 220 includes a transducer 228,
pivoting mechanism 230, device side rotary motor 232,
a control side rotary motor 234, and a motor linkage 240
between motors 232 and 234. The numbers used with
respect to this embodiment parallel those used in prior
embodiments, with the addition of the prefix 2. The fea-
tures of device 220 are intended in particular embodi-
ments to be housed within a catheter 222, essentially as
described above with respect to device 20 and catheter
22.
[0053] Device side rotary motor 232 is the motor locat-
ed closer to the application end of device 220, nearer
pivoting mechanism 230. Motor 232 is a microminiature
motor in particular embodiments suitable for containment
within catheter 222, such as an electromagnetic motor
or piezoelectric motor, specific examples of which are
discussed above with respect to motor 32. Motor 232
includes a hollow rotating shaft 270 for connecting to
mechanism 230 in this embodiment, in which operation
of motor 232 turns shaft 270. It will be understood that
operation of motor 232 and shaft 270 may include steps
or features indicated above with respect to operation of
motor 32 and shaft 70. The rate of rotation of device side
rotary motor 232 determines the rate of rotation of shaft
270 and mechanism 230. The lumen through shaft 270
permits pulling or pushing mechanisms, electrical con-
ductors, wire guides or other structures to pass through
shaft 270. As discussed below, in this embodiment par-
ticular structure for effecting the pivoting of transducer
228 passes through the lumen of shaft 270.
[0054] Control side rotary motor 234 is located closer
to the application end of catheter 222 of device 220. Like
device side rotary motor 232, control side rotary motor
234 is a microminiature motor (e.g. an electromagnetic
or piezoelectric motor) that produces rotational motion in
threaded shaft 280. Shaft 280 is a part of or connected
to motor 232, and passes through hollow shaft 270 of
device side rotary motor 232, with a portion of the distal
end of shaft 280 extending beyond the end of shaft 270.
In the illustrated embodiment, shaft 280 is threaded over
its entire length, while in other embodiments shaft 280
may be threaded only over one or more discrete portions,
e.g. a portion that passes through hollow shaft 270 and
extends beyond hollow shaft 270. Shaft 280 is able to
turn within and with respect to shaft 270. The rate of ro-
tation of control side rotary motor 234 controls the rate
of rotation of threaded shaft 280. As will be discussed
further below, the relative rates of rotation of motors 232
and 234 provide pivoting action for transducer 228.
[0055] Motor linkage 240 connects control side rotary

motor 234 to device side rotary motor 232 in the illustrated
embodiment. Linkage 240 is shown as a tube through
which threaded shaft 280 extends, keeping threaded
shaft 280 from contacting the wall of catheter 222. In
some embodiments, the connection of linkage 240 to
each motor 232, 234 provides bracing between the mo-
tors, limiting or eliminating any tendency for motors 232,
234 to move toward or away from each other. Linkage
240 is made of a material that is laterally flexible in pre-
ferred embodiments to allow it (with device 220) to bend
as it is passed through a vessel. A configuration in which
motors 232 and 234 are abutting or closely adjacent is
contemplated, with linkage 240 eliminated or substan-
tially reduced, although such a configuration may limit
the amount of flexibility and bending in the region of the
motors.
[0056] Transducer 228 in one embodiment is substan-
tially as described above with respect to transducer 28.
Transducer 228 is mounted in pivoting mechanism 230
to permit transducer 228 to turn around a rotating axis
as well as pivot around a pivoting axis. The illustrated
embodiment of mechanism 230 is a gimbal-type mount-
ing similar to mechanism 30 discussed above, having an
outer frame piece or base 250 including a center portion
252 with a hole 254 therethrough and matching arms 256
extending laterally of hole 254 from center portion 252.
Center portion 252 is fixed to or with respect to shaft 270
of motor 232, so that shaft 270 can turn pivoting mech-
anism 230. Hole 254 is sized and configured to thread-
edly accommodate a portion of shaft 280 from motor 234.
A pivoting element 258 fits into holes 260 in arms 256 in
the embodiment of FIGS. 7-8. Pivoting element 258 in
the illustrated embodiment is a circular disk 262 having
side ears or pivot points 264 that fit into holes 260 and
act as an axle, so that element 258 can pivot around the
axis defined by ears 264. In particular embodiments, piv-
oting element 258 may be a backing, base or substrate
on which all or a part of transducer 228 is fixed, or may
be a portion of transducer 228, as in the discussion of
element 58 and transducer 28 above.
[0057] Mechanism 230 in this embodiment includes a
sliding member or plate 310 in contact with arms 256.
Sliding member or plate 310 has respective lateral sides
311 in this embodiment each having top and bottom
grooves 312. Arms 256 of mechanism 230 are within
grooves 312 of plate 310, so that plate 310 can slide
along the arms, moving linearly with respect to mecha-
nism 230. Member 310 includes an opening 313 there-
through, which in the illustrated embodiment is substan-
tially in the center of member 310. Plate 310 may be thin
so that the rim or edge of opening 313 acts as a thread
that is compatible with the thread of shaft 280, or the rim
or edge of opening 313 may be internally threaded so as
to engage the threads of threaded shaft 280.
[0058] In the illustrated embodiment, the range of
movement of plate 310 along arms 256 is defined by limit
stops 331 on the arms of the pivoting mechanism 230.
Limit stops 331 are shown in this embodiment as raised
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portions or bosses extending from the arms, e.g. a square
or rectangular tab in the plane of and monolithic with the
arm 256. The sites of limit stops 331 determine the max-
imum amount of movement of plate 310 by creating a
location relative to arms 256 at which plate 310 is blocked
from further sliding along arms 256. In particular embod-
iments, limit stops 331 are placed only at a location distal
of center portion 252, so that plate 310 can slide at most
between center portion 252 (acting as a control-side limit
stop) and limit stops 331, while in other embodiments a
set of limit stop(s) 331 may be placed inside center por-
tion 252 and another set of limit stop(s) 331 further dis-
tally. Part or all of plate 310 and/or of arms 256 can be
made from or coated with a low friction material (e.g.
PTFE (Teflon)) to make the sliding of plate 310 over arms
256 easier.
[0059] Because plate 310 is connected to arms 256, it
rotates along with pivoting mechanism 230 at a rate of
speed that is determined by the rotation of shaft 270 by
device side rotary motor 232. Plate 310 is also threadedly
connected to threaded shaft 280, as threads of shaft 280
engage plate 310 through opening 313. The rate of ro-
tation of threaded shaft 280 is determined by control side
rotary motor 234. When the rates of rotation of shafts 270
and 280 are the same, i.e. the relative rotational speed
of the shafts is zero, then there is no relative rotation
between plate 310 and shaft 280, and so threaded shaft
280 does not force plate 310 in either direction along
arms 256. When there is a non-zero relative rotational
speed between shafts 270 and 280, then there is a rel-
ative rotation between shaft 280 and plate 310, and the
threaded engagement between shaft 280 and plate 310
results in longitudinal movement of plate 310 along shaft
280 and arms 256.
[0060] A forcing member 360 (akin to shaft 102 de-
scribed above) is attached to plate 310, and in the illus-
trated embodiment member 360 is connected to pivoting
element 258 on one end and to the side of the pivoting
axis. As an example, pivoting element 258 can include
a tab T that extends from pivoting element 258 opposite
(e.g. substantially perpendicular) from transducer 228.
Forcing member 360 can include a distal finger F that
connects to tab T, as by extending through a hole or slot
in tab T (e.g. FIGS. 7, 8A-8B), so that member 360 can
pivot with respect to tab T. With forcing member 360 at-
tached to plate 310 and connected to pivoting element
258, movement of plate 310 causes the forcing member
360 to apply force to pivoting member 258, which rotates
pivoting member 258 (with transducer 228) around the
axis defined by ears 264.
[0061] Forcing member 360 in the illustrated embodi-
ment is a flattened bar that preferably has little or no
longitudinal elasticity, so that movement of plate 310 is
efficiently transmitted to pivoting element 258. Forcing
member 360 may have some bendability about an axis
perpendicular to the longitudinal axis, as suggested in
the drawings, particularly as plate 310 and pivoting mem-
ber 258 approach their respective limits of movement. A

suitable forcing member may be of other shapes or ma-
terials that provide for transmission of enough force to
pivot member 258 when sliding plate 310 moves along
arms 256, such as a C-shaped wire structure or similar
member described above.
[0062] Mechanism 230 permits transducer 228 to turn
around a rotating (e.g. longitudinal) axis, via transmission
of rotational motion from motor 232 to mechanism 230
via shaft 270. Mechanism 230 permits pivoting of trans-
ducer 228 around a pivoting axis (e.g. perpendicular to
the rotating axis) at the same time, via pulling or pushing
force on pivoting element 258 transmitted via member
360 from sliding plate 310. Plate 310 is moved along
arms 256 when the rotational speed of threaded shaft
280 is different from the rotational speed of shaft 270, so
that a non-zero rotational speed of shaft 280 relative to
shaft 270 exists. In the latter case, the threaded engage-
ment of shaft 280 and plate 310 causes plate 310 to slide
along arms 256. Pivoting element 258 is thus able to
rotate about both the pivoting and axial directions.
[0063] It will be understood that changing or fluctuation
of the rotational speed of one or both of shafts 270 and
280 can generate a reciprocating pivoting movement of
pivoting element 258. For example, if the rotational speed
of shaft 270 is held steady at a value V, and the rotational
speed of shaft 280 fluctuates uniformly, steadily or step-
wise from a value V+v to a value V-v, then the effect is
a reciprocating pivoting motion. There is no pivoting when
both rotational speeds are V, and that condition can cor-
respond to pivoting member 258 and plate 310 being at
extreme positions (e.g., with plate 310 abutting or close
to a limit stop 331 or base 250 of mechanism 230). When
the speed of shaft 280 is greater than V (i.e. between V
and V+v or at V+v), then plate 310 moves in a one linear
direction along arms 256 (either toward or away from
base 250), and pivots member 258 in one angular direc-
tion (either clockwise or counterclockwise). When the
speed of shaft 280 is less than V (i.e. between V and V-
v or at V-v), then plate 310 moves in the other linear
direction along arms 256, and pivots member 258 in the
other angular direction.
[0064] With mechanism 230, it is possible to arrange
pivoting of pivoting mechanism 258 from a first position
that is substantially forward-looking (e.g. FIG. 8A), so
that transducer 228 points along or substantially along a
longitudinal axis of device 220, to a second position that
is somewhat rearward-looking (e.g. FIG. 8C), so that
transducer 228 points in a direction more than 90 degrees
behind that forward-looking first position (i.e., past per-
pendicular to the longitudinal axis). Device 220 thus has
the ability to look forward using ultrasound, as well as
having a very wide angle and volume of available viewing
through ultrasound transmission.
[0065] FIG. 10 shows an alternative embodiment of a
gimbal-type mechanism 230’ that is similar in many re-
spects to mechanism 230 described above, with similar
parts indicated with the same number with an added
prime. Mechanism 230’ includes a base 250’ that in-
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cludes a hole 254’ as described with respect to base 250,
as well as arms 256’. In this embodiment, arms 256’ are
formed so that the angles A are less than 90 degrees
prior to placing pivoting mechanism 258’. Arms 256’ in-
clude a divot or indentation 256a’ opposite each other,
and pivoting mechanism 258’ also include opposing div-
ots or indentations 258a’. Indentations 256a’ and 258a’
are aligned when pivoting mechanism 258’ is connected
to mechanism 230’, and are generally on the axis around
which mechanism 258’ pivots with respect to arms 256’.
A respective insert 259’ is placed in each indentation
256a’, or between facing pairs of indentations 256a’ and
258a’. Inserts 259’ are spherical (e.g. a ball bearing) in
the illustrated embodiment, to limit friction between them
and the surfaces of arms 256’ and pivoting mechanism
258’ they separate, and may be of or coated with a low
friction material such as Teflon. Other embodiments of
one or both inserts 259 may have another shape that
allows pivoting mechanism 258’ to freely pivot within
arms 256’. In a particular embodiment, one or both inserts
259’ are made of or coated with a conductive material,
and can therefore act as an electrical contact point be-
tween pivoting mechanism 258’ (and/or the transducer
connected or fixed to it) and the respective arm 256’ (or
a conductive surface of it) of mechanism 230’.
[0066] Pivoting mechanism 258’ is sized so that when
connected to arms 256’ via inserts 259’, arms 256’ elas-
tically deform outward, in the manner of flat springs. An-
gle A increases as arms 256’ are deformed, and the elas-
tic or spring force thus created in arms 256’ is sufficient
to keep pivoting mechanism 258’ and inserts 259’ in
place. Pivoting of mechanism 258’ (and a transducer con-
nected or fixed to it) is around an axis joining inserts 259’.
[0067] As noted, transducer 228 may be substantially
the same as embodiments described above with respect
to transducer 28. In specific embodiments, transducer
228 is fixed to or forms part or all of pivoting mechanism
258. An exemplary transducer 228 (e.g. FIGS. 8A-8C) is
a piezoelectric element 261 having a thin (compared to
the piezoelectric material) conductive top electrode layer
263 and a thin conductive bottom electrode layer 265.
An optional matching layer may be placed over top elec-
trode layer 263, and an optional backing layer may be
placed over bottom electrode layer 265. Layers 263, 265
are used as connection points to energize transducer
228 and/or send electrical signals from transducer 228,
while the matching and/or backing layers (if present) can
also be conductive and form an extension of the respec-
tive electrode layer. Further, layers 263 and 265 may be
electrically connected, as by extending one layer around
the side of piezoelectric element 261 to connect with the
other layer, thus permitting both electrical connection
points to be on one side of the assembly.
[0068] It will be understood that placing the external-
ized conductive layers 263, 265 can be accomplished
using a selective plating or coating process with a con-
ductive material such as gold. The process places a con-
tact point on each side of piezoelectric element 261 from

which electrical connections for transducer 228 can be
made. As another example, bottom layer 265 may be
made via an insert molded contact that passes through
the wall of a molded polymer shell used to surround back-
ing material. A top layer 263 can be made by welding,
soldering or conductive-gluing to a small portion of the
top surface of element 261. If present, a matching layer
would be made with a small cut-out section to allow space
for electrical connection to layer 263.
[0069] Electrical connections are made to the top sur-
face of transducer 228 and to the bottom of transducer
228 (or the bottom of pivoting mechanism 258 electrically
connected to transducer element(s)), for receiving and/or
sending electrical impulses in the course of ultrasound
scanning. In a particular embodiment, such electrical
connections are connected to or from the pivot points for
pivoting mechanism 258. In that case, the pivot points
may be welded or soldered to flexible wire(s) (not shown)
that run along mechanism 230 (e.g. along arms 256),
which is electrically connected to a slip ring assembly
(indicated schematically at 400) between mechanism
230 and application end motor 232. Such wires may be
insulated and the welds or solder areas at the pivot points
may be coated with an insulating material in the event a
conductive fluid is present around mechanism 230, so
as to prevent shorting of the electrical connections in the
fluid.
[0070] Instead of such wire(s), one or both of arms 256
may be made of or coated at least in part with a conduc-
tive material, and the pivot points directly contact arms
256 or their conductive portions. Where arms 256 or a
portion of them are used as conductors, base 250 is non-
conductive, allowing arms 256 to be separately ener-
gized. As an example, the entire frame (base 250 and
arms 256) may be made of a non-conductive material,
and arms 256 coated at least partially with a conductive
material. In another example, mechanism 230 is insert
molded, with metal arms 256 extending from a non-con-
ductive (e.g. polymer) base 250. In another example,
base 250 and/or arms 256 may include at least two layers
of conductive material separated by a non-conductive
polymer (e.g. polyimide). In such examples in which both
contacts or electrical lines are exposed, a non-conductive
coupling fluid (e.g. silicon oil or other non-conductive oils)
should be used. Where only one contact or electrical line
is exposed, saline or other conductive fluid could be used
as a coupling medium.
[0071] Other electrical connection examples use forc-
ing member 360 as a conductor. For example, in an em-
bodiment discussed above member 360 connects to piv-
oting member 258 (and/or to transducer 228) via tab T,
and if made of or coated at least partially by a conductive
material can thus act as a conductor from the bottom of
transducer 228. The top surface of transducer 228 could
be electrically connected as indicated above, e.g via one
or both pivot points, wires, and/or arms 256. Particular
embodiments may include an insulating layer on the out-
er surface of the forcing member 360, for example where
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a conductive coupling medium is used. If the forcing
member 360 is not conductive or it is not desired to use
it as a conductor, a wire 361 (FIG. 9) may be electrically
connected to the bottom of transducer 228 and run along-
side member 360 to a connection (e.g. a slip ring con-
nection) at motor 232 or between motor 232 and mech-
anism 230. FIG. 9 shows a wire 361 connected at one
end to a portion of pivoting member 258 and/or transduc-
er 228, and extending through an opening in arm 256 to
a connection (not shown) as previously indicated.
[0072] A slip ring assembly indicated schematically at
400 sits between base 250 and motor 232 in the illustrat-
ed embodiment. Rotating brushes of the slip ring struc-
ture are electrically connected to conductive layers or
surfaces of arms 256, or to wiring or other conductors
from transducer 228. The brushes contact a stationary
ring on motor 232. The ring may be a flexible printed
circuit board in a particular embodiment, which is elec-
trically connected (e.g. by a wire or conductive layer on
or in catheter 222 or a wall portion of catheter 222) past
motor 234 to a conductor (e.g. a coaxial cable) extending
to the device handle or other control. It will be understood
that in other embodiments the brushes may be placed
on motor 232 as stationary piece(s) and the ring may be
placed on base 250 or other part of mechanism 230.
[0073] 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
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°. Similarly, in the use of the terms "pivot" or "pivoting,"
e.g. with respect to a pivoting axis, it should be under-
stood that even though the term pivot often implies an
angle change less than 360°, the devices disclosed here-
in may be configured in certain embodiments so that the
pivoting angle may pivot through angles greater 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.
[0074] While the embodiments have been illustrated
and described in detail in the drawings and foregoing
description, the same is to be considered as illustrative
and not restrictive in character, it being understood that
only particular embodiments have been shown and de-
scribed and that all changes and modifications that come
within the scope of the claims are desired to be protected.
It will be understood that features or attributes noted with
respect to one or more specific embodiments may be
used or incorporated into other embodiments of the struc-
tures disclosed.

Claims

1. An apparatus (20) for internal ultrasound proce-
dures, comprising:

a transducer (28) for emitting and/or receiving
ultrasound signals;
first and second motors (32,34) wherein the first
motor is operatively connected to the transducer
so that operation of the first motor turns the
transducer around a rotation axis, which is the
longitudinal axis of the apparatus, and
wherein the second motor is operatively con-
nected to the transducer so that pivoting motion
of the transducer around a pivoting axis trans-
verse to the rotation axis of the apparatus is a
function of the operation of the second motor
characterised in that the first motor is config-
ured to turn a first shaft (70) having a lumen (72)
and being operatively connected to the trans-
ducer, and
wherein the second motor is configured to op-
erate a second shaft (80) that extends through
the lumen of the first shaft and is operatively
connected to the transducer.

2. The apparatus of claim 1, wherein the first motor (32)
is a rotary motor and the second motor (34) is one
of a linear motor and a rotary motor.

3. The apparatus of claim 1 or 2, further comprising:

a pivoting mechanism (30) operationally con-
nected to the first motor so that the pivoting
mechanism rotates in response to operation of
the first motor, the pivoting mechanism having
a base and pivoting member that is pivotable
with respect to the base around the pivoting axis,
the pivoting axis being substantially perpendic-
ular to the rotation axis,
a forcing member (102, 360) operationally con-
nected to the pivoting member, wherein a force
applied via the forcing member controls pivoting
of the pivoting member around the pivoting axis.

4. The apparatus of claim 3, wherein the transducer
(28) is at least part of the pivoting member.

5. The apparatus of claim 3, wherein the pivoting mech-
anism (30) includes a pair of arms (56) extending
from the base and a sliding plate adapted to slide
along the arms and connected to the forcing mem-
ber, the sliding plate being threadedly connected to
the second shaft.

6. The apparatus of claim 3, wherein the second motor
(34) is a linear motor, and wherein the forcing mem-
ber comprises the second shaft (80), the second
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shaft extending substantially along the rotation axis,
wherein operation of the second motor moves the
second shaft along the rotation axis, the second shaft
being operationally connected to the transducer to
control the pivoting of the transducer around the piv-
oting axis.

7. The apparatus of claim 3, wherein the second shaft
(80) is directly connected to the pivoting member.

8. The apparatus of claim 3, wherein the second shaft
is connected to the pivoting member by a pivoting
connector.

9. The apparatus of claim 3, wherein the forcing mem-
ber is movable in two directions along the rotation
axis by operation of the second motor, wherein
movement of the forcing member in a first linear di-
rection pivots the transducer in a first pivoting direc-
tion, and movement of the forcing member in a sec-
ond linear direction pivots the transducer in an op-
posite second pivoting direction.

10. The apparatus of any preceding claim, wherein the
first and second motors (32,34) are separably oper-
able at one or more speeds, whereby a desired ul-
trasound scan pattern can be obtained.

11. The apparatus of claim 3, wherein the first motor
(32)is configured so that the first motor turns faster
when the pivoting mechanism is in a state such that
the ultrasound signals are pointing in a direction clos-
er to the first motor’s axis of rotation, and the first
motor turns slower when the pivoting mechanism is
in a state such that the ultrasound signals are point-
ing in a direction further from the first motor’s axis of
rotation.

12. The apparatus of any of claims 3 to 11, wherein the
transducer (28) is spring-biased to an initial orienta-
tion relative to the base, and when force applied via
the forcing member is released, the pivoting member
returns toward the initial orientation.

13. The apparatus of claim 1, wherein the pivoting mech-
anism (30) is a gimbal mount apparatus.

14. The apparatus of any of the preceding claims, further
comprising a tubular member for housing the trans-
ducer and the first and second motors, the tubular
member having a distal chamber defined at least in
part by a wall portion of the tubular member, the distal
chamber housing at least the transducer and a me-
dium, the wall portion and the medium having similar
ultrasound passage characteristics to the part of the
body into which the tubular member is to be inserted,
so that reflection of ultrasound at the boundary of
the medium and the wall portion and at the boundary

of the wall portion and body environment is reduced
to a level acceptable for imaging through the bound-
ary.

15. The apparatus of any of the preceding claims, where-
in the first and second motors (32,34) are both rotary
motors, and wherein pivoting motion of the transduc-
er is a function of the difference between the rota-
tional speeds of the first and second motors.

16. The apparatus of claim 5, wherein the forcing mem-
ber is one of a flat bar and a formed wire.

17. The apparatus of claim 16, wherein each of the arms
includes at least one limit stop for blocking move-
ment of the sliding plate beyond the limit stop.

18. The apparatus of claim 3, wherein the pivoting mech-
anism (30) includes a pair of arms (56) extending
from the base, the pivoting mechanism having an
unstressed condition in which the respective angles
between each arm and the base are each less than
90 degrees, and wherein each of the arms has a
respective indentation and at least one of the pivoting
member and the transducer include opposing corre-
sponding indentations, and further comprising a pair
of inserts, each insert placed within respective cor-
responding indentations of the arms and pivoting
member or transducer, so that the pivoting mecha-
nism assumes a stressed condition in which the re-
spective angles between each arm and the base is
increased, creating spring force that is sufficient to
keep the pivoting mechanism and inserts in place
with respect to the arms.

Patentansprüche

1. Vorrichtung (20) für interne Ultraschallverfahren,
aufweisend:

einen Wandler (28) zum Senden und/oder Emp-
fangen von Ultraschallsignalen;
erste und zweite Motoren (32, 34), wobei der
erste Motor operativ mit dem Wandler verbun-
den ist, so dass der Betrieb des ersten Motors
den Wandler um eine Rotationsachse dreht,
welche die Längsachse der Vorrichtung ist, und
wobei der zweite Motor operativ mit dem Wand-
ler verbunden ist, so dass eine Schwenkbewe-
gung des Wandlers um eine Schwenkachse
quer zur Rotationsachse der Vorrichtung eine
Funktion des Betriebs des zweiten Motors ist,
dadurch gekennzeichnet,
dass der erste Motor konfiguriert ist, um eine
erste Welle (70) zu drehen, die ein Lumen (72)
aufweist und operativ mit dem Wandler verbun-
den ist, und
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wobei der zweite Motor konfiguriert ist, um eine
zweite Welle (80) zu betreiben, die sich durch
das Lumen der ersten Welle erstreckt und ope-
rativ mit dem Wandler verbunden ist.

2. Vorrichtung nach Anspruch 1, wobei der erste Motor
(32) ein Rotationsmotor ist und der zweite Motor (34)
ein Linearmotor oder ein Rotationsmotor ist.

3. Vorrichtung nach Anspruch 1 oder 2, weiterhin auf-
weisend:

einen Schwenkmechanismus (30), der betriebs-
mäßig mit dem ersten Motor verbunden ist, so
dass sich der Schwenkmechanismus als Reak-
tion auf die Drehung des ersten Motors dreht,
wobei der Schwenkmechanismus eine Basis
und ein Schwenkelement aufweist, das in Bezug
auf die Basis um eine Schwenkachse schwenk-
bar ist; wobei die Schwenkachse im Wesentli-
chen senkrecht zur Drehachse ist,
ein Antriebselement (102, 360), welches be-
triebsmäßig mit dem Schwenkelement verbun-
den ist, wobei eine über das Antriebselement
ausgeübte Kraft das Schwenken des Schwenk-
elements um die Schwenkachse steuert.

4. Vorrichtung nach Anspruch 3, wobei der Wandler
(28) zumindest ein Teil des Schwenkelements ist.

5. Vorrichtung nach Anspruch 3, wobei der Schwenk-
mechanismus (30) ein Paar Arme (56) aufweist, die
sich von der Basis erstrecken und eine Gleitplatte,
die ausgebildet ist, um entlang der Arme zu gleiten
und mit dem Antriebselement verbunden ist, wobei
die Gleitplatte mit der zweite Welle Gewinde-verbun-
den ist.

6. Vorrichtung nach Anspruch 3, wobei der zweite Mo-
tor (34) ein Linearmotor ist, und wobei das Antrieb-
selement die zweite Welle (80) aufweist, wobei sich
die zweite Welle im Wesentlichen entlang der Rota-
tionsachse erstreckt, wobei der Betrieb des zweiten
Motors die zweite Welle entlang der Rotationsachse
bewegt, wobei die zweite Welle betriebsmäßig mit
dem Wandler verbunden ist, um das Schwenken des
Wandlers um die Schwenkachse zu kontrollieren.

7. Vorrichtung nach Anspruch 3, wobei die zweite Wel-
le (80) direkt mit dem Schwenkelement verbunden
ist.

8. Vorrichtung nach Anspruch 3, wobei die zweite Wel-
le mit dem Schwenkelement über einen Schwenk-
verbinder verbunden ist.

9. Vorrichtung nach Anspruch 3, wobei das Antriebse-
lement durch Betrieb des zweiten Motors in zwei

Richtungen entlang der Rotationsachse beweglich
ist, wobei die Bewegung des Antriebselements in
einer ersten linearen Richtung den Wandler in einer
ersten Schwenkrichtung schwenkt, und die Bewe-
gung des Antriebselements in einer zweiten linearen
Richtung den Wandler in eine entgegengesetzte
zweite Schwenkrichtung schwenkt.

10. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die ersten und zweiten Motoren (32,
34) separat bei einer oder mehreren Geschwindig-
keiten betreibbar sind, wobei ein gewünschtes Ul-
traschall-Scan-Muster erzielt werden kann.

11. Vorrichtung nach Anspruch 3, wobei der erste Motor
(32) konfiguriert ist, so dass der erste Motor schneller
dreht, wenn der Schwenkmechanismus in einem Zu-
stand ist, dass die Ultraschallsignale in eine Rich-
tung weisen, die näher zur Rotationsachse des ers-
ten Motors ist, und dass der erste Motor langsamer
dreht, wenn der Schwenkmechanismus in einem Zu-
stand ist, dass die Ultraschallsignale in eine Rich-
tung weisen, die weiter weg von der Rotationsachse
des ersten Motors ist.

12. Vorrichtung nach einem der Ansprüche 3 bis 11, wo-
bei der Wandler (28) Feder vorgespannt ist zu einer
anfänglichen Orientierung relativ zu der Basis, und
wenn eine über das Antriebselement aufgebrachte
Kraft entlastet wird, das Schwenkelement in die an-
fängliche Orientierung zurückkehrt.

13. Vorrichtung nach Anspruch 1, wobei der Schwenk-
mechanismus (30) eine kardanische Montagevor-
richtung ist.

14. Vorrichtung nach einem der vorhergehenden An-
sprüche, weiterhin aufweisend ein rohrförmiges Ele-
ment zum Unterbringen des Wandlers und des ers-
ten und zweiten Motors, wobei das rohrförmige Ele-
ment eine distale Kammer aufweist, die zumindest
teilweise durch einen Wandabschnitt des rohrförmi-
gen Elements definiert ist, wobei die distale Kammer
mindestens den Wandler und ein Medium unter-
bringt, wobei der Wandabschnitt und das Medium
ähnliche Ultraschalldurchgangseigenschaften auf-
weisen wie der Teil des Körpers, in den das röhren-
förmige Element einzuführen ist, so dass Ultraschall-
reflexion an der Grenze des Mediums und des
Wandabschnitts und an der Grenze des
Wandabschnitts und der Körperumgebung auf ein
Niveau reduziert wird, das für die Abbildung durch
die Grenze akzeptabel ist.

15. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei sowohl der erste Motor als auch der
zweite Motor (32, 34) Rotationsmotoren sind, und
wobei die Schwenkbewegung des Wandlers eine

27 28 



EP 2 906 126 B1

16

5

10

15

20

25

30

35

40

45

50

55

Funktion der Differenz zwischen den Rotationsge-
schwindigkeiten des ersten und zweiten Motors ist.

16. Vorrichtung nach Anspruch 5, wobei das Antriebse-
lement ein flacher Stab oder ein geformter Draht ist.

17. Vorrichtung nach Anspruch 16, wobei jeder der Arme
mindestens einen Endanschlag aufweist, zum Blo-
ckieren der Bewegung der Gleitplatte über den En-
danschlag hinaus.

18. Vorrichtung nach Anspruch 3, wobei der Schwenk-
mechanismus (30) ein Paar Arme (56) aufweist, die
sich von der Basis erstrecken, wobei der Schwenk-
mechanismus einen unbelasteten Zustand hat, in
welchem die jeweiligen Winkel zwischen jedem Arm
und der Basis jeweils weniger als 90 Grad betragen,
und wobei jeder Arm eine jeweilige Vertiefung hat
und mindestens einer des Schwenkelements und
des Wandlers entgegengesetzt korrespondierende
Vertiefungen aufweisen, und weiterhin aufweisend
ein Paar Einsätze, wobei jeder Einsatz in jeweiligen
korrespondierenden Vertiefungen der Arme und des
Schwenkelements oder Wandlers platziert ist, so
dass der Schwenkmechanismus einen belasteten
Zustand einnimmt, in welchem die jeweiligen Winkel
zwischen jedem Arm und der Basis vergrößert sind,
erzeugend eine Federkraft, die ausreichend ist, um
den Schwenkmechanismus und die Einsätze in Be-
zug auf die Arme an Ort und Stelle zu halten.

Revendications

1. Appareil (20) pour des procédures par ultrasons in-
ternes, comprenant :

un transducteur (28) pour émettre et/ou recevoir
des signaux ultrasonores ;
des premier et second moteurs (32, 34), le pre-
mier moteur étant relié de manière fonctionnelle
au transducteur de telle sorte qu’un fonctionne-
ment du premier moteur fait tourner le transduc-
teur autour d’un axe de rotation, qui est l’axe
longitudinal de l’appareil, et le second moteur
étant relié de manière fonctionnelle au transduc-
teur de telle sorte qu’un mouvement de pivote-
ment du transducteur autour d’un axe de pivo-
tement transversal à l’axe de rotation de l’appa-
reil est fonction du fonctionnement du second
moteur,
caractérisé par le fait que
le premier moteur est configuré pour faire tour-
ner un premier arbre (70) qui a une lumière (72)
et est relié de manière fonctionnelle au trans-
ducteur, et
le second moteur est configuré pour actionner
un second arbre (80) qui s’étend à travers la

lumière du premier arbre et est relié de manière
fonctionnelle au transducteur.

2. Appareil selon la revendication 1, dans lequel le pre-
mier moteur (32) est un moteur rotatif et le second
moteur (34) est l’un parmi un moteur linéaire et un
moteur rotatif.

3. Appareil selon la revendication 1 ou 2, comprenant
en outre :

un mécanisme de pivotement (30) relié de ma-
nière fonctionnelle au premier moteur de telle
sorte que le mécanisme de pivotement tourne
en réponse à un fonctionnement du premier mo-
teur, le mécanisme de pivotement ayant une ba-
se et un élément pivotant qui est apte à pivoter
par rapport à la base autour de l’axe de pivote-
ment, l’axe de pivotement étant sensiblement
perpendiculaire à l’axe de rotation,
un élément de forçage (102, 360) relié de ma-
nière fonctionnelle à l’élément pivotant, une for-
ce appliquée par l’intermédiaire de l’élément de
forçage commandant un pivotement de l’élé-
ment pivotant autour de l’axe de pivotement.

4. Appareil selon la revendication 3, dans lequel le
transducteur (28) est au moins une partie de l’élé-
ment pivotant.

5. Appareil selon la revendication 3, dans lequel le mé-
canisme de pivotement (30) comprend une paire de
bras (56) s’étendant à partir de la base et une plaque
coulissante apte à coulisser le long des bras et reliée
à l’élément de forçage, la plaque coulissante étant
reliée par filetage au second arbre.

6. Appareil selon la revendication 3, dans lequel le se-
cond moteur (34) est un moteur linéaire et l’élément
de forçage comprend le second arbre (80), le second
arbre s’étendant sensiblement le long de l’axe de
rotation, un fonctionnement du second moteur dé-
plaçant le second arbre le long de l’axe de rotation,
le second arbre étant relié de manière fonctionnelle
au transducteur pour commander le pivotement du
transducteur autour de l’axe de pivotement.

7. Appareil selon la revendication 3, dans lequel le se-
cond arbre (80) est directement relié à l’élément pi-
votant.

8. Appareil selon la revendication 3, dans lequel le se-
cond arbre est relié à l’élément pivotant par un rac-
cord pivotant.

9. Appareil selon la revendication 3, dans lequel l’élé-
ment de forçage est mobile dans deux directions le
long de l’axe de rotation par fonctionnement du se-
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cond moteur, un mouvement de l’élément de forçage
dans une première direction linéaire faisant pivoter
le transducteur dans une première direction de pi-
votement, et un mouvement de l’élément de forçage
dans une seconde direction linéaire faisant pivoter
le transducteur dans une seconde direction de pivo-
tement opposée.

10. Appareil selon l’une quelconque des revendications
précédentes, dans lequel les premier et second mo-
teurs (32, 34) sont aptes à fonctionner séparément
à une ou plusieurs vitesses, ce par quoi un motif
d’échographie souhaité peut être obtenu.

11. Appareil selon la revendication 3, dans lequel le pre-
mier moteur (32) est configuré de telle sorte que le
premier moteur tourne plus vite lorsque le mécanis-
me de pivotement est dans un état dans lequel les
signaux ultrasonores sont dirigés dans une direction
plus proche de l’axe de rotation du premier moteur,
et le premier moteur tourne plus lentement lorsque
le mécanisme de pivotement est dans un état dans
lequel les signaux ultrasonores sont dirigés dans une
direction plus éloignée de l’axe de rotation du pre-
mier moteur.

12. Appareil selon l’une quelconque des revendications
3 à 11, dans lequel le transducteur (28) est sollicité
par ressort vers une orientation initiale par rapport à
la base, et lorsqu’une force appliquée par l’intermé-
diaire de l’élément de forçage est relâchée, l’élément
pivotant retourne vers l’orientation initiale.

13. Appareil selon la revendication 1, dans lequel le mé-
canisme de pivotement (30) est un appareil de sus-
pension à cardan.

14. Appareil selon l’une quelconque des revendications
précédentes, comprenant en outre un élément tubu-
laire pour recevoir le transducteur et les premier et
second moteurs, l’élément tubulaire ayant une
chambre distale définie au moins en partie par une
partie de paroi de l’élément tubulaire, la chambre
distale recevant au moins le transducteur et un mi-
lieu, la partie de paroi et le milieu ayant des carac-
téristiques de passage d’ultrasons similaires à la par-
tie du corps dans laquelle l’élément tubulaire doit
être inséré, de telle sorte qu’une réflexion d’ultrasons
à la frontière entre le milieu et la partie de paroi et à
la frontière entre la partie de paroi et un environne-
ment corporel est réduite à un niveau acceptable
pour une imagerie à travers la frontière.

15. Appareil selon l’une quelconque des revendications
précédentes, dans lequel les premier et second mo-
teurs (32, 34) sont tous deux des moteurs rotatifs,
et un mouvement de pivotement du transducteur
étant fonction de la différence entre les vitesses de

rotation des premier et second moteurs.

16. Appareil selon la revendication 5, dans lequel l’élé-
ment de forçage est l’un parmi une barre plate et un
fil formé.

17. Appareil selon la revendication 16, dans lequel cha-
cun des bras comprend au moins une butée pour
bloquer un mouvement de la plaque coulissante au-
delà de la butée.

18. Appareil selon la revendication 3, dans lequel le mé-
canisme de pivotement (30) comprend une paire de
bras (56) s’étendant à partir de la base, le mécanis-
me de pivotement ayant un état non contraint dans
lequel les angles respectifs entre chaque bras et la
base sont chacun de moins de 90 degrés, et chacun
des bras ayant une indentation respective et au
moins l’un parmi l’élément pivotant et le transducteur
comprenant des indentations correspondantes op-
posées, et comprenant en outre une paire d’inserts,
chacun insert étant placé dans des indentations cor-
respondantes respectives des bras et de l’élément
pivotant ou du transducteur, de telle sorte que le mé-
canisme de pivotement adopte un état contraint dans
lequel les angles respectifs entre chaque bras et la
base sont accrus, créant une force de rappel qui est
suffisante pour maintenir le mécanisme de pivote-
ment et les inserts en place par rapport aux bras.
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