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7) ABSTRACT

There are disclosed embodiments of devices and methods
for imaging the inside of a body part, particularly a blood
vessel. In particular embodiments, a catheter has a tip
chamber, within which is an ultrasound transducer mounted
on a pivot mechanism, a motor for turning the transducer,
and an implement for pivoting the transducer. Examples of
such an implement are a linear motor, a shaft or filament, and
the pivot mechanism may be biased to return to a base
position when the implement is not pivoting the transducer.
In other embodiments, a mirror reflecting ultrasound signals
from the transducer may be rotated and/or pivoted, using
similar mechanisms.
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INTERNAL ULTRASOUND ASSEMBLY
FLUID SEAL

This application claims the benefit of U.S. Provisional
Application Ser. No. 61/787,357, filed on Mar. 15, 2013,
which is incorporated herein by reference in its entirety.

The present disclosure relates to structure and methods in
medical uses of ultrasound. In particular, this disclosure
relates to seals around moving parts in medical ultrasound
devices.

BACKGROUND

Commonly, devices for subcutaneous medical applica-
tions require a motor to couple a moving part in a fluid
environment. Fluid environments can present hazardous
conditions for certain motors. One example is in the use of
ultrasound for imaging, therapy or other medical uses. In
such use, ultrasound energy or waves are transmitted
through a medium and can reflect, scatter or otherwise
attenuate when they reach a surface or border having a
significant difference in acoustic impedance. For example, in
ultrasound imaging of the human body, ultrasound waves
may be applied externally (e.g. by placing a transducer on
the skin) or internally (e.g. by placing a transducer within a
vessel or organ), and travel through the body’s internal
fluids, which is a large proportion of water. When the waves
strike a bone, organ or other body portion that provides an
acoustic interface—i.e., a border of two significantly differ-
ent acoustic impedances—then the waves are reflected or
otherwise attenuated. A transducer (which may be the same
transducer that supplied the ultrasound waves or another)
receives the reflected or attenuated waves, and an image of
a portion of the body can be generated.

A gel is placed between the skin and transducer to reduce
reflection or other attenuation between the transducer and
the skin. When a transducer is placed within the body,
commonly it is inside a protective envelope, such as a tube,
catheter or similar housing or enclosure. The material of
such an envelope may be selected for its similarity in
acoustic impedance to that of bodily fluids, so that there is
little or no attenuation as ultrasound waves travel from that
material to the fluids or tissues of the body. The inner pocket
or volume of the enclosure within which the transducer is
placed needs a coupling medium having an acoustic imped-
ance similar to that of the envelope material and the body’s
fluids, to allow maximum transmission of the ultrasound
signal. Without such a medium, e.g. if the inside of the body
simply includes air or another gas, significant reflection or
other attenuation will occur when the ultrasound energy
from the transducer hits the boundary where the gas meets
the material of the envelope. Suitable coupling media
include biocompatible fluids such as saline, oils such as
mineral oil, alcohols, and other fluids.

In ultrasound devices in which the transducer can turn,
pivot or otherwise move, a seal between or around mecha-
nisms to move the transducer may be necessary to limit or
prevent the coupling medium from corroding, fouling or
otherwise interfering with performance of such mechanisms.
For example, in mechanisms using a motor that operates a
turning or otherwise mobile shaft, with the shaft connected
to the transducer or its seat or other holder, a seal may be
needed between a chamber holding the transducer and
coupling medium and the motor. In another example, a
motor is combined with a tool to drill a bore through a clot
or plaque in a vein or artery. Corrosive and/or electrolytic
coupling media may be incompatible with electrical con-
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nections or other parts of a motor, drive shaft or other
mechanism. Piezoelectric motors generally need dry condi-
tions to operate, as they require a high friction contact area
between a stator and a clutch. If fluid (whether generally
corrosive or not) touches that contact area or interface, the
friction will be substantially reduced, thereby also reducing
the torque output of the motor.

Accordingly, to prevent fluid from contacting parts of
such devices, such as motors, a seal should be included
between the motor and the fluid environment, to prevent the
fluid from gaining access to the motor. Examples of such a
structure are disclosed below.

SUMMARY

Among other things, there are shown embodiments of
apparatus for ultrasound procedures that include a housing,
the housing having a chamber defined at least partially by an
acoustic window for transmission of ultrasound signals. The
chamber may have a uniform diameter in some embodi-
ments. A transducer for emitting and/or receiving ultrasound
signals is within the chamber, and a shaft is operatively
connected to the transducer, the shaft adapted to move with
respect to the wall in at least one of rotation and translation
so that the transducer moves in response to movement of the
shaft. A seal partially bounds the chamber, with a part of the
seal fixed to the housing and the seal extending across the
chamber’s diameter, and the seal has an opening through
which the shaft extends, with a portion of the seal around the
opening engaging the outside of the shaft to create a fluid-
tight connection between the seal and the shaft.

As exemplary embodiments, the seal can include a body
having a lip portion that is elastically bent with respect to the
rest of the body. The lip portion may have a rounded convex
surface facing the opening, e.g. with a portion of the rounded
convex surface engaging the outside of the shaft to create a
fluid-tight connection between the seal and the shaft. A
portion of the body can be fixed substantially perpendicular
to the housing, and or the lip portion may be substantially
annular. If seal has a body including a lip portion, the seal
may have a first unstressed position when the shaft does not
extend through the opening in which the lip portion is
substantially planar with respect to the rest of the body, and
a second stressed position when the shaft extends through
the opening in which the lip portion is elastically bent with
respect to the rest of the body.

The seal may be initially in the shape of a disc with the
opening having a diameter smaller than an outer diameter of
the shaft. When the shaft extends through the opening, the
disc is elastically deformed. In such deformation, the disc
can form substantially a portion of a cone in particular
examples, and/or be substantially uniformly deformed.

In other embodiments, the seal may include an O-ring and
an O-ring holder. For example, such an O-ring holder may
engage the shaft with the O-ring fixed to the housing. The
shaft is movable with respect to the O-ring holder, and/or the
O-ring holder is movable with respect to the O-ring, in some
instances. In particular examples the O-ring does not move
with the shaft.

Embodiments of apparatus for ultrasound procedures as
disclosed below may include a transducer for emitting
and/or receiving ultrasound signals, with the transducer
being within a chamber that is defined at least partially by a
wall forming an acoustic window for transmission of ultra-
sound signals. The apparatus further includes a motor and a
shaft operated by the motor and operatively connected to the
transducer. The shaft is adapted to move with respect to the
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wall in at least one of rotation and translation. A seal is
provided next to (e.g. abutting or adjacent) the motor and
around at least part of the shaft, the seal engaging the outside
of the shaft to create a fluid-tight connection between the
seal and the shaft.

Particular examples include a housing that encloses the
transducer, the motor, the shaft and the seal. The housing can
feature a wall to which the seal is fixed around the entire
circumference of the wall. The seal can include an opening
smaller than the diameter of the shaft, through which the
shaft passes, with at least a portion of the seal bending when
the shaft extends through the seal. The seal, in some embodi-
ments, includes a substantially circular line around the
opening, wherein when the shaft extends through the seal the
seal portion between the line and the opening bends sub-
stantially around the line. In other embodiments, seals can
include an O-ring and an O-ring holder, the holder having an
opening through which the shaft extends, and the O-ring
fixed with respect to the wall.

These and other embodiments are discussed further
below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a part cross-sectional view of an application end
of an embodiment of an ultrasound device as disclosed
herein.

FIG. 2 is a cross-sectional view of an embodiment of a
portion of the device of FIG. 1.

FIG. 3 is an end view of a portion of the embodiment
shown in FIG. 2.

FIG. 4 is a cross-sectional view of an embodiment of a
portion of the device of FIG. 1.

FIG. 5 is an end view of a portion of the embodiment
shown in FIG. 4.

FIG. 6 is a cross-sectional view of an embodiment of a
portion of the device of FIG. 1.

FIG. 7 is a part cross-sectional view of an application end
of an embodiment of an ultrasound device as disclosed
herein.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

For the purposes of promoting an understanding of the
principles of the disclosure, reference will now be made to
the embodiments illustrated in the drawings and specific
language will be used to describe the same. It will never-
theless 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 fur-
ther applications of the principles of the disclosure as
illustrated therein being contemplated as would normally
occur to one skilled in the art to which the disclosure relates.

Referring now generally to the drawings, there is shown
an embodiment of a device 20 for application of ultrasound
internally to a patient. Although the embodiment is
described herein for use in the context of ultrasound appli-
cations, device 20 and the sealing apparatuses described can
be used in any number of structural applications in which a
motor must be sealed from the fluid environment. As par-
ticular examples, device 20 is or is part of a device or system
for imaging, such as for intravascular ultrasound (IVUS)
imaging. Other embodiments can include devices for thera-
peutic or diagnostic uses within the body, or for ultrasound
devices used outside of the body. In the embodiment indi-
cated schematically in FIG. 1, device 20 is a catheter or other
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4

flexible elongated or tubular housing or member 22, and in
a particular example is sized and configured for insertion
into and/or travel along the vascular system. Member 22 has
an application end 23 enclosed by a wall 24, with at least
part of wall 24 defining a boundary of internal chamber 26.
Wall 24 may be continuous (e.g. monolithic or one-piece),
i.e. defining some or all of catheter 22 and encircling or
containing chamber 26, or in other embodiments a portion of
wall 24 surrounding chamber 26 may be different from and
fixed to the rest of catheter 22. Chamber 26 in this embodi-
ment has a uniform diameter, with no steps, corners or sharp
irregularities that may undesirably attenuate ultrasound
waves. Within catheter 22 and chamber 26 in this embodi-
ment is a transducer 28 for sending and/or receiving ultra-
sound signals. One or more motors 30 are connected directly
or indirectly to transducer 28 so as to turn transducer 28
around a longitudinal axis of device 20, pivot transducer 28
around an axis substantially perpendicular to that longitu-
dinal axis, and/or provide other motions to transducer 28.

Catheter 22 in the illustrated embodiment is an elongated
device of plastic or other sturdy flexible material that is
substantially transparent to or presenting a minimal barrier
to passage of ultrasound signals. For example, when used
within a blood vessel containing body tissues and blood, it
is preferable for catheter 22 (or at least some or all of wall
24) to be constructed of a material which has acoustic
impedances similar to that of body fluids such as blood.
Possible materials could include, for example, a polymer
material such as high density polyethylene, polymethylpen-
tene (PMP), or acrylonitrile butadiene styrene (ABS). It has
been determined that a preferred thickness of at least the
portion of catheter 22 which serves as the viewing window
should be at least 14 of the wavelength of the center
frequency. Alternatively, the thickness can be N*1% of the
wavelength, where N is a positive integer.

Wall 24 surrounds chamber 26, which is at the distal end
of device 20 in the illustrated embodiment, and extends
proximally. Wall 24 is a monolithic part of a catheter 22 in
some embodiments, and in others wall 24 is at the applica-
tion end surrounding all or part of chamber 26. Wall 24 may
extend toward the control end of device 20 beyond chamber
26 in some examples. The proximal end of wall 24 and/or
catheter 22 may extend outside of the patient during use, and
the control end may include a handle or other operating
portion (e.g. an imaging system and/or a maneuvering
system (not shown)). Particular embodiments of catheter 22
or at least chamber 26 are cylindrical, and are sized for
insertion into and passage through blood vessels, such as
insertion into the femoral artery and passage through it
toward the heart.

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. For
instance, transducer 28 can include a body or backing 40, a
transducer element 42 attached to one side of body 40, and
amatching layer (not shown) attached to one side of element
42. The matching layer is attached to one side of element 42
and may be focused or non-focused. The matching layer has
acoustic impedance generally between that of element 42
and the medium surrounding transducer 28 in order to
minimize mismatched acoustic impedance between trans-
ducer 28 and the medium surrounding transducer 28 (e.g.
mineral oil). In some embodiments, transducer 28 includes
an element 42 and matching layer but no body 40. In this
embodiment, transducer 28 is pivotable and/or rotatable
through action or influence of motor 30, so that with element
42 on the side of body 40 as indicated, a generally lateral
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(i.e. away from the longitudinal axis) and forward ultra-
sound beam direction is possible depending on the motion of
transducer 28. Body 40 may be substantially opaque to or
reflective of 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. Embodiments of transducer 28
may be capable in particular examples 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.

Transducer 28 is electronically connected to a power
source and to an imaging system (not shown). 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.
Transducer 28 may be mounted in a pivoting mechanism or
otherwise linked to motor 30 or a shaft (which rotates,
travels longitudinally, or otherwise moves) to permit trans-
ducer 28 to turn, pivot, or otherwise move. Embodiments of
such examples are discussed and shown in Application Ser.
Nos. 61/713,135; 61/713,172; 61/714,275; and 61/748,773,
all of which are incorporated by reference in their entireties.

Motor 30 may be a rotary or linear motor and includes a
shaft 44 for connecting or linking to transducer 28 or a
mechanism connected to it. Multiple-motor embodiments
are also considered (e.g. FIG. 7), which shows an example
of a rotary motor 304 and a linear motor 305 with respective
shafts 44a and 445. In this example, motor 30a turns hollow
shaft 444 about a longitudinal axis L of device 20, and shaft
4da is linked to transducer 28 as schematically indicated so
that transducer 28 likewise turns around axis L. Motor 305
moves shaft 445 forward and backward along axis [ and
through shaft 444 in this example, with shaft 445 engaging
or linked to transducer 28 off-center. Forward motion of 445
tends to pivot transducer 28 clockwise about an axis into the
page (perpendicular to axis L), and rearward motion of shaft
44b tends to pivot or allow pivoting of transducer 28
counterclockwise around an axis into the page.

Embodiments of piezoelectric or electromagnetic micro-
motors of a size and configuration suitable for containment
within catheter 22 may be used. For example, a particular
embodiment of a rotary motor (e.g. motor 30a) is a two-
phase, coreless, brushless DC electromagnetic motor, which
has few components, small size and minimal complexity. A
piezoelectric micromotor is of a small size, such as having
a diameter in the range from 0.3 mm to 4 mm in particular
embodiments, and can exhibit a high torque-to-size ratio. An
example of a linear motor (e.g. motor 304) is an electro-
magnetic motor similar to a voice coil, used extensively for
loudspeakers, which operate by creating a high static mag-
netic flux (e.g. by a permanent magnet) in the lateral
direction (e.g. perpendicular to the longitudinal 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 44b.

A seal 50 is provided forward of motor 30 (e.g. engaging
or adjacent to the forward-most part of motor 30a in the
illustrated embodiment) to separate chamber 26 from motor
30. Seal 50 in the illustrated embodiment is a wall or
membrane that extends across the entire diameter or width
of chamber 26, e.g. contacting wall 24 around a full cir-
cumference and forming an end of chamber 26 toward the
control end of device 20. Seal 50 may be unitary, formed
with or as part of wall 24 and of the same material as wall
24, or may be separately formed and inserted into and joined
with the inside of wall 24. For example, seal 50 may be
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formed concurrently with wall 24, as by molding, or may be
separately formed or prepared and fixed to or within wall 24,
as by adhesive joining or welding. Outermost portion of seal
50 (e.g. its outer diameter) is attached to wall 24, either in
the acoustic window or in the catheter behind it. The
attachment may be to an inner surface of wall 24, or to
different component such as an end surface of motor 30 so
that chamber 26 is isolated from the rest of device 20. In any
case, the attachment is to a stationary surface with respect to
the movable shaft 44. As indicated in the drawings, one or
more shafts (e.g. shafts 44a and/or 445, associated with
motors 30a and/or 306) extend through seal 50 in order to
link or connect to transducer 28. In such embodiments, seal
50 thus provides not only a general wall bounding chamber
26, but also inhibits or prevents flow of fluid out of chamber
26 around shaft(s) 44 extending through seal 50.

A particular embodiment of seal 50 is shown in FIGS. 2-3
which is configured to provide a seal between chamber 26
and motor 30 during rotating motion of shaft 44. Seal 50 is
in the form of a disc seal. Seal 50 is a disc of low-friction
polymer or elastomer material, and in a particular embodi-
ment of silicone. An opening 54 is in seal 50, and in the
illustrated embodiment is in the middle of seal 50 (i.e. along
the central longitudinal axis of device 20). Opening 54 is
slightly smaller than the outer diameter of shaft 44. Opening
54 is a hole smaller than the diameter of shaft 44 in particular
embodiments, and in other embodiments could be a hole
combined with a slit, a slit itself, or otherwise configured. In
the illustrated embodiment, shaft 44 is centrally located, i.e.
along the central longitudinal axis of device 20, and there-
fore opening 54 is also centrally located. It will be under-
stood that other embodiments may have the location of shaft
44 and opening 54 off-center.

As seal 50 is pulled over shaft 44 (or shaft 44 is inserted
through seal 50), opening 54 is elastically deformed, enlarg-
ing or stretching out over the circumference of shaft 44. The
elastic properties of the stretched material of seal 50 causes
seal 50 to exert a compressive force or stress on shaft 44 to
create a seal between seal 50 and shaft 44. As indicated in
the embodiment of FIG. 4, seal 50 may stretch along the
length of shaft 44 while remaining attached to wall 24, so
that much or all of seal 50 becomes substantially conical
and/or reduces in thickness when shaft 44 is forced through
it. The low-friction nature of the material of seal 50 permits
shaft 44 to turn with minimal hindrance even under some
pressure from fluid in chamber 26.

Seal 50 may be formed concurrently with wall 24, or may
be separately formed or prepared and fixed to or within wall
24. In other embodiments, seal 50 is attached to other
components of device 20 so that chamber 26 is isolated from
the rest of device 20, or particularly from motor 30. For
example, seal 50 can be attached to an end surface or other
portion of the motor 30, or it may be attached to a sheath
extending within catheter 22. In any case, the attachment is
to a stationary surface with respect to the movable shaft 44.
Generally seal 50 is attached to a component which is
stationary with respect to wall 24. In any case, the outermost
portion of seal 50 (e.g. its outer diameter) is attached either
in the acoustic window or in the catheter behind it.

A further embodiment is shown in FIGS. 4-5. In that
embodiment, seal 50" is configured to provide a seal between
chamber 26 and motor 30 during rotation of shaft 44. Seal
50' is a lipped seal made of a low-friction polymer or
elastomer. Seal 50' includes a body portion 52, and an
opening 54' having a diameter smaller than the shaft 44.
Body portion 52 is substantially planar or disc-shaped in this
embodiment, extending substantially perpendicular to the
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longitudinal axis and joining wall 24 so as to form part of the
enclosure of chamber 26. The thickness of body portion 52
is preferably uniform, so that the contact between body
portion 52 and shaft 44 will be uniform around the circum-
ference of shaft 44.

An annular inner part 56 of body portion 52 surrounds
opening 54' and forms a lip. In this embodiment, the lip or
annular center 56 is a part that elastically bends as shaft 44
is pressed through it. A line, score or other feature 57 may
be placed in body portion 52, for example concentric with
opening 54', that promotes bending or provides a particular
bending location. An inward surface 58 of annular center 56
that borders or defines opening 54' is rounded in the embodi-
ment illustrated in FIG. 2, to ease insertion of shaft 44
through opening 54' and to ensure that a portion of surface
58 will press evenly and without the potential for gaps on
shaft 44 as shaft 44 turns. Surface 58 may describe part of
a torus, be convex, and/or describe a semicircle or other part
of a curve in cross-section, in specific examples.

In some embodiments, body portion 52 is substantially
planar prior to inserting shaft 44 through opening 54'. When
device 20 is being assembled, shaft 44 is pressed against
body portion 52 at opening 54', and annular part 56 bends
away from shaft 44 (e.g. at line or feature 57) to allow shaft
44 to pass through opening 54', without tearing body portion
52. While the part of body portion 52 between annular part
56 and wall 24 of device 20 remains substantially perpen-
dicular to wall 24, as indicated in the embodiment of FIG.
2, annular part 56 angles toward chamber 26 so as to be
substantially conical or having a concave surface (e.g. at
location C) facing chamber 26. A portion of rounded or
convex surface 58 engages shaft 44 around the entire
circumference of shaft 44.

Body portion 52 is prepared with annular part 56 already
bent to an extent as it is formed or attached in device 20.
Insertion of shaft 44 through opening 54' bends annular part
56 at least slightly more (i.e. through elastic deformation) so
that surface 58 applies a force to shaft 44 which creates a
fluid seal at the engagement of surface 58 and shaft 44. The
force effectively seals surface 58 against the outer surface of
shaft 44. In some embodiments, fluid pressure from coupling
medium in chamber 26 will tend to press annular part 56
against shaft 44, maintaining or strengthening the seal
against fluid escaping chamber 26 between annular part 56
of seal 50" and shaft 44.

FIG. 6 shows an embodiment of seal 50" that is config-
ured for shaft(s) 44 that move longitudinally, including
reciprocating longitudinal movement. Seal 50" includes an
O-ring 60 and an O-ring holder or gland 62, which together
form a fluid-tight barrier between shaft 44 and wall 24.
O-ring 60 in the illustrated embodiment is a circular torus of
elastomeric or other sealing material, having an outer diam-
eter that engages or abuts against the inner diameter of wall
24.

O-ring holder or gland 62, in the particular illustrated
embodiment, is a round, spool-shaped piece having a lon-
gitudinal opening 64 for shaft 44 through a body 66. A
central groove or space 68 around body 66 is between side
flanges 70. The unstressed (i.e. natural) outer diameter of
ring 60 is slightly larger than an inner diameter of wall 24,
so that when ring 60 is inserted into device 20 a press or
interference fit exists between ring 60 and wall 24. The inner
diameter of the torus of ring 60 is at least slightly larger than
the outer diameter of shaft 44 and at least slightly smaller
than the diameter of opening 64. In that way, ring 60 is
slightly oversized so that when the ring is placed in space 68
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between holder 62 and wall 24, ring 60 is compressed, and
the compression force creates a fluid seal between chamber
26 and motor 30.

Holder 62 is of a low-friction material, perhaps similar to
the materials noted above with respect to seals 50, 50' to
permit easy movement, sliding, or rolling motion of holder
62 with respect to ring 60. In particular embodiments, holder
62 is attached to shaft 44 so that longitudinal movement of
shaft 44 moves holder 62 as well. The low-friction material
of holder 62 allows ring 60 to move within space 68 (or at
least rotate with respect to holder 62). During such move-
ment, the inner diameter of ring 60 engages the diameter of
opening 64 as the outer diameter of ring 60 engages the inner
diameter of wall 24, preserving the seal. Similarly, ring 60
is able to move longitudinally along wall 24 while preserv-
ing the seal. In that way, ring 60 follows holder 62 as holder
62 moves in unison with longitudinal movement of shaft 44.
It will be understood that the size of holder 62 and/or the size
of space 68 measured along the length of shaft 44 may be
related or tailored to the length of travel of shaft 44. That is,
the longer space 68 is, the longer ring 60 can move within
it and the longer the amount of longitudinal travel of shaft
44 is allowed for, and conversely a shorter distance of travel
by shaft 44 may need only a relatively short holder 62 and
space 68.

In an alternative embodiment (not shown), holder 62 is
shaped in an opposite fashion with respect to axis L. In that
embodiment, holder 62 is attached to wall 24 with a space
and flanges that are directed inward toward axis L. In that
embodiment, the unstressed (i.e. natural) outer diameter of
ring 60 is slightly larger than the inner diameter of the space
between the flanges of holder 62. The inner diameter of the
torus of ring 60 is at least slightly smaller than the outer
diameter of shaft 44. In that way, similar to the embodiment
of FIG. 6, ring 60 is slightly oversized so that when the ring
is placed in the space between holder 62 and shaft 44, ring
60 is compressed, and the compression force creates a fluid
seal between chamber 26 and motor 30. In this embodiment
ring 60 may move with the longitudinal movement of shaft
44, but holder 62 will remain stationary relative to wall 24
while shaft 44 moves. Ring 60 can move around in holder
62 and still maintain the seal as was explained in the above
example.

Specific embodiments of device 20 may have seal(s) 50,
50' and/or 50" having an outer diameter of approximately
2.5 mm, i.e. about the inner diameter of wall 24 and/or
chamber 26. An inner diameter of about 0.8 mm for seal(s)
50, 50" and/or 50" is proposed, in light of the expected outer
diameter of embodiments of shaft 44. Of course, it will be
understood that size and configuration of the outer and inner
diameters of seal embodiments may depend on geometry
and size of shafi(s) 44, and of wall 24 and/or chamber 26.

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 structures and
methods disclosed. Multiple seals 50, 50" and/or 50" may be
used in particular embodiments, as where a first seal is
placed at a boundary of chamber 26 and around a first shaft
44a, and a second seal is placed between motor 30a that
turns shaft 44a and motor 305 which operates shaft 44. For
example, where shaft 44a is a hollow shaft and shaft 445
operates through the lumen of shaft 44a, a first seal 50 (or
other embodiment(s)) is around shaft 44a at the boundary of
chamber 26, as discussed above. A second seal 50" (or other
embodiment(s)) is between motor 30a and 305 (e.g. attached
to or adjacent the rear of motor 30a) and sealingly fitted
around shaft 44b. In such a configuration, some liquid from
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chamber 26 may escape through hollow shaft 44a, i.e.
between the inner diameter of shaft 444 and the outer
diameter of shaft 445. Motor 30a in this example can be an
electromagnetic motor that is not significantly susceptible to
small amounts of escaping coupling medium, which is in
any case largely or entirely contained within shaft 44a. The
second seal, around shaft 445 and otherwise fixed to catheter
22 (e.g. wall 24), maintains any such escaped coupling
medium away from motor 304.

While the embodiments have been illustrated and
described in detail in the drawings and foregoing descrip-
tion, the same is to be considered as illustrative and not
restrictive in character, it being understood that only par-
ticular embodiments have been shown and described and
that all changes and modifications that come within the spirit
of the disclosure are desired to be protected.

What is claimed is:

1. An apparatus, comprising:

a housing, the housing having a uniform-diameter cham-
ber configured for transmission of ultrasound signals,
the housing being part of a distal portion of a catheter
adapted for use in the vascular system and having a
wall;

a transducer for emitting and/or receiving ultrasound
signals, the transducer being within the chamber;

a motor having a shaft operatively connected to the
transducer, the shaft adapted to move with respect to
the housing so that the transducer moves in response to
movement of the shaft; and

an O-ring partially bounding the chamber, the O-ring
having an opening through which the shaft extends
wherein the O-ring moves with the shaft and relative to
the wall, wherein a portion of the O-ring engages the
shaft or the housing to create a fluid-tight seal.

2. The apparatus of claim 1, further comprising a holder

having a space configured to accept the O-ring.

3. The apparatus of claim 2, wherein the holder is attached
to the shaft and wherein the O-ring engages the holder and
the housing.

4. The apparatus of claim 3, wherein the shaft is adapted
to move longitudinally and wherein the O-ring moves with
the shaft.

5. The apparatus of claim 2, wherein the holder is attached
to the housing and wherein the O-ring engages the holder
and the shaft.

6. The apparatus of claim 5, wherein the shaft is adapted
to move longitudinally.

7. An apparatus for ultrasound procedures, comprising:

a housing having a chamber configured for transmission
of ultrasound signals, the housing having a wall;

a transducer for emitting and/or receiving ultrasound
signals, the transducer being within the chamber;

a motor;

a shaft operated by the motor and operatively connected
to the transducer, the shaft adapted to move with
respect to the wall in at least one of rotation and
translation; and

an O-ring partially bounding the chamber, and an O-ring
holder, the O-ring holder having a body with a longi-
tudinal opening for the shaft and a central space around
the body between side flanges, wherein the O-ring
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holder is between the O-ring and the shaft, and the
O-ring 1s between the wall of the housing and the
O-ring holder in the central space of the O-ring holder.

8. The apparatus of claim 1, further comprising a holder
having a space configured to accept the O-ring, wherein the
holder is attached to the shaft and wherein the O-ring
engages the holder and the housing, wherein the shaft is
adapted to move longitudinally and wherein the O-ring
moves with the shaft.

9. The apparatus of claim 1, further comprising a holder
having a space configured to accept the O-ring, wherein the
holder is attached to the wall and wherein the O-ring
engages the holder and the shaft, wherein the shaft is
adapted to move longitudinally and wherein the shaft moves
relative to the O-ring.

10. An apparatus, comprising:

a housing, the housing having a uniform-diameter cham-
ber configured for transmission of ultrasound signals,
the housing having a wall;

a transducer for emitting and/or receiving ultrasound
signals, the transducer being within the chamber;

a shaft operatively connected to the transducer, the shaft
adapted to move with respect to the housing so that the
transducer moves in response to movement of the shaft;

an O-ring partially bounding the chamber, the O-ring
having an opening through which the shaft extends
wherein the O-ring moves with the shaft and relative to
the wall, wherein a portion of the O-ring engages the
shaft or the housing to create a fluid-tight seal; and an
O-ring holder, the O-ring holder having a body with a
longitudinal opening for the shaft and a central space
around the body between side flanges, wherein the
O-ring holder is between the O-ring and the shaft, and
the O-ring is between the wall of the housing and the
O-ring holder in the central space of the O-ring holder.

11. The apparatus of claim 10, wherein the holder is
attached to the shaft and wherein the O-ring engages the
holder and the housing.

12. The apparatus of claim 10, wherein the shaft is
adapted to move longitudinally and wherein the O-ring
moves with the shaft.

13. The apparatus of claim 10, wherein the holder is
attached to the housing and wherein the O-ring engages the
holder and the shaft.

14. The apparatus of claim 10, wherein the shaft is
adapted to move longitudinally.

15. The apparatus of claim 10, further comprising a motor
operatively connected to the shaft.

16. The apparatus of claim 15, wherein the motor is a
microminiature motor located within the housing.

17. The apparatus of claim 10, wherein the O-ring has an
unstressed outer diameter, and the unstressed outer diameter
of the O-ring is larger than the uniform diameter of the
chamber.

18. The apparatus of claim 10, wherein the O-ring has an
unstressed inner diameter and the longitudinal opening of
the O-ring holder has an inner diameter, and the unstressed
inner diameter of the O-ring is smaller than the inner
diameter of the O-ring holder.

* #* * #* #®



patsnap

EREW(OF) REPE A MR B
DFH(RE)S US10595823 NIF(AEH)A 2020-03-24
HiFs US14/211885 RiFH 2014-03-14

FRIFRB(RFR)AGE) BIFROGERLA

BRiE (TR A(F) MUFFIN INCORPORATED

LFERF(ERR)AGE) MUFFIN INCORPORATED

[FRIRBAA MCKINNIS PETER S
ZHOU YUN
ROBBINS SARAH
FEARNOT NEAL E

KA MCKINNIS, PETER S.
ZHOU, YUN
ROBBINS, SARAH
FEARNOT, NEAL E.

IPCH %S A61B8/00 A61B8/12 A61B8/08

CPCoE= A61B8/4483 A61B8/12 A61B8/445 A61B8/0891

{15 61/787357 2013-03-15 US

H 40 FF 32k US20140276076A1

SNER4E Espacenet

D) 24

/,\ = =5 > P N =T ) 70 60 70 26

NI T RATFEEEEIN , H5 2IME R A ZBERIEEE N A ENSEHE ( ‘ ) -
/

HY B REERS | AT AEMRAERR IS BN AL AR A T e MR BB SR AR A T
B, IHNITENSFREMBHN , HRAL , FEYTETERRE

Pl EREXEST , SEERRRE , EEFRANRERRHIG L é
R MENE IR RELNREBNEARIE, FEEMIESGF (
2/

AT A R SR B LA R BE 3 A/ AR He R 5T R B MR BEBR VB F E S &



https://share-analytics.zhihuiya.com/view/fb4c6277-66cb-4e2f-bf39-6527e054fbae
https://worldwide.espacenet.com/patent/search/family/051530481/publication/US10595823B2?q=US10595823B2

