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ULTRASONIC TRANSDUCER TREATMENT DEVICE

Cross-Reference to Related Application
[0001] This application claims priority to US Application No. 16/879,649, filed May
20, 2020.

Technical Field

[0002] Embodiments herein relate to the field of ultrasonics, and more particularly
to ultrasonic transducer treatment devices and associated systems and methods.

Background

[0003] Ultrasonic treatment is used to treat various conditions, such as
neurological conditions. During treatment, a certain level of ultrasound energy needs to
be delivered to a specific area in the brain. The ultrasound energy has to be delivered
through the bone of the skull and focused on the desired region within the skull. Reliable
positioning and aiming of the ultrasound transducer on the patient’s skull is a key
requirement of the treatment process. The treatments are typically carried out using a
magnetic resonance imaging (MRI) system to image the brain and show the operator
the region to be treated.

Brief Description of the Drawings
[0004] Embodiments will be readily understood by the following detailed
description in conjunction with the accompanying drawings and the appended claims.
Embodiments are illustrated by way of example and not by way of limitation in the
figures of the accompanying drawings.
[0005] Figure 1A schematically illustrates an ultrasonic treatment device with a
transducer holder holding an ultrasonic transducer at a first angle (e.g., a 0-degree

angle), in accordance with various embodiments.
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[0006] Figure 1B illustrates the ultrasonic treatment device of Figure 1A, showing
a path of the ultrasonic beam from the transducer, in accordance with various
embodiments.

[0007] Figure 2A illustrates an ultrasonic treatment device with a transducer
holder holding an ultrasonic transducer at a second angle (e.g., a 5-degree angle), in
accordance with various embodiments.

[0008] Figure 2B illustrates the ultrasonic treatment device of Figure 2A, showing
a path of the ultrasonic beam from the transducer, in accordance with various
embodiments.

[0009] Figure 3 is an exploded view of an ultrasonic treatment device, in
accordance with various embodiments.

[0010] Figures 4A illustrates a first perspective view of a transducer holder in
accordance with various embodiments.

[0011] Figures 4B illustrates a second perspective view of the transducer holder
of Figure 4A in accordance with various embodiments.

[0012] Figures 4C illustrates a side view of the transducer holder of Figure 4A in
accordance with various embodiments.

[0013] Figures 4D illustrates a top view of the transducer holder of Figure 4A in
accordance with various embodiments.

[0014] Figures 4E illustrates a cross-sectional view of the transducer holder along
the line A-A in Figure 4D in accordance with various embodiments.

[0015] Figure 5 illustrates a cross-sectional view of a transducer held by a
transducer holder at a first angle (in this example, a 0-degree angle), in accordance with
various embodiments.

[0016] Figure 6 illustrates a cross-sectional view of a transducer held by a
transducer holder at a second angle (in this example, a 5-degree angle), in accordance
with various embodiments.

[0017] Figure 7 is a top perspective view of an ultrasonic treatment device with
the transducer held by the transducer holder at a second angle (in this example, a 5-

degree angle), in accordance with various embodiments.
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[0018] Figure 8 illustrates a bottom perspective view of an acoustic pad attached
and acoustically coupled to a transducer, in accordance with various embodiments.
[0019] Figure 9 illustrates a top view and a partial perspective view of a rim that
may be mechanically associated with (e.g., embedded in) an acoustic pad to facilitate
maintenance of the acoustic pad’s position adjacent the transducer.

[0020] Figure 10 is a magnetic resonance imaging (MRI) image that illustrates
the transducer in relationship to a subject’'s ear, in accordance with various
embodiments.

[0021] Figure 11 illustrates MRI images to demonstrate an alignment process in
accordance with various embodiments.

[0022] Figure 12 illustrates an MRI image from Figure 11 with an oval to indicate
the focal location based on hydrophone measurements taken in water, in accordance
with various embodiments.

[0023] Figure 13A is an MRI image to illustrate a targeting process, in
accordance with various embodiments.

[0024] Figure 13B is an MRI image that shows Low Intensity Focused Ultrasound
Pulsation (LIFUP)-induced changes in cerebral blood flow in response to ultrasonic

treatment, in accordance with various embodiments.

Detailed Description of Disclosed Embodiments

[0025] In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which are shown by way of
illustration embodiments that may be practiced. It is to be understood that other
embodiments may be utilized and structural or logical changes may be made without
departing from the scope. Therefore, the following detailed description is not to be
taken in a limiting sense.

[0026] Various operations may be described as multiple discrete operations in
turn, in a manner that may be helpful in understanding embodiments; however, the
order of description should not be construed to imply that these operations are
order-dependent.
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[0027] The description may use perspective-based descriptions such as
up/down, back/front, and top/bottom. Such descriptions are merely used to facilitate the
discussion and are not intended to restrict the application of disclosed embodiments.
[0028] The terms “coupled” and “connected,” along with their derivatives, may be
used. It should be understood that these terms are not intended as synonyms for each
other. Rather, in particular embodiments, “connected” may be used to indicate that two
or more elements are in direct physical or electrical contact with each other. “Coupled”
may mean that two or more elements are in direct physical or electrical contact.
However, “coupled” may also mean that two or more elements are not in direct contact
with each other, but yet still cooperate or interact with each other. Additionally, the term
“acoustically coupled” may be used herein to describe that two or more elements are
arranged in a way to enable a signal (e.g., an ultrasonic signal), such as a wave or
another type of signal, to pass from one element to another.

[0029] For the purposes of the description, a phrase in the form “A/B” or in the
form “A and/or B” means (A), (B), or (A and B). For the purposes of the description, a
phrase in the form “at least one of A, B, and C” means (A), (B), (C), (A and B), (A and
C), (Band C), or (A, B and C). For the purposes of the description, a phrase in the form
“(A)B” means (B) or (AB) that is, A is an optional element.

[0030] The description may use the terms “embodiment” or “embodiments,”
which may each refer to one or more of the same or different embodiments.

Furthermore, the terms “comprising,” “including,

having,” and the like, as used with
respect to embodiments, are synonymous, and are generally intended as "open" terms
(e.g., the term "including" should be interpreted as "including but not limited to," the term
"having" should be interpreted as "having at least," the term "includes" should be
interpreted as "includes but is not limited to," etc.).

[0031] With respect to the use of any plural and/or singular terms herein, those
having skill in the art can translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity.

[0032] Various embodiments herein provide an ultrasonic treatment system that
includes a transducer holder to hold an ultrasonic transducer (also referred to as an
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ultrasonic probe and/or transmitter). The transducer holder includes multiple mounting
positions for the ultrasonic transducer to enable the transducer to be held by the
transducer holder at different angles. For example, in some embodiments, the
transducer holder may include multiple mounting elements on an interior surface of the
transducer holder. The mounting elements may be, for example, ridges or grooves on
the interior surface, hook-and-loop fasteners, and/or another means of interlocking. The
transducer may include and/or be provided with one or more locking elements that
interact with the mounting elements of the transducer holder to hold the transducer
within the transducer holder. For example, in some embodiments, a locking assembly
may be attached to (e.g., mounted on) the transducer to provide the locking elements.
[0033] In some embodiments, the locking elements may include a retractable
element that may be retracted (e.g., by an actuator) to place the transducer into the
desired position and then extended to interact with the ridge or groove of the
corresponding mounting element and thereby hold the transducer in the desired
position. In some embodiments, the locking elements of the transducer may be spring-
loaded, such that they may be retracted by applying pressure to the actuator (e.g.,
manually) and then extended by releasing the pressure from the actuator.

[0034] In various embodiments, the mounting elements of the transducer holder
may be circular elements that extend in a circle around the interior surface of the
transducer holder. In one example, the plurality of mounting elements may be parallel to
one another. Additionally, the transducer may include a first locking element and a
second locking element. Accordingly, the transducer may be held by the transducer
holder at an angle of zero degrees (with respect to a center line through the transducer
holder in a direction that is orthogonal to a plane of the mounting elements) by
mechanically engaging the first and second locking elements of the transducer to the
same mounting element of the transducer holder. Additionally, the transducer may be
held by the transducer holder at an angle by mechanically engaging the first locking
element of the transducer to a first mounting element of the transducer holder and the
second locking element of the transducer to a second mounting element of the
transducer holder.
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[0035] The angle of the transducer with respect to the transducer holder may be
based on a spacing between the first and second mounting elements. The transducer
holder may include any suitable number of two or more mounting elements to provide a
desired number of possible angles at which the transducer may be arranged. For
example, the transducer holder may include three mounting elements to provide three
different possible angles. Additionally, the spacing between the mounting elements may
be designed to provide desired values for the different possible angles, such as 0
degrees, 2.5 degrees, and/or 5 degrees. It will be apparent that other numbers of
mounting elements and/or values of the possible angles may be used in accordance
with various embodiments.

[0036] Additionally, or alternatively, the mounting elements may enable the angle
of the transducer to be aimed in different directions. Accordingly, the angle of the
ultrasonic beam generated by the transducer may be aimed toward the desired region
of the patient. For example, in some embodiments, the locking mechanism may be
rotated with respect to the transducer to enable the angle of the transducer to be aimed
in different directions.

[0037] In other embodiments, the individual mounting elements may be disposed
at different angles with respect to one another (not parallel) to provide different angles
for the transducer.

[0038] In various embodiments, the transducer holder and/or transducer may
further include one or more portions that are formed of a material that is visible in MRI
images to provide a fiducial marker that enables the spatial orientation of the transducer
to be determined from the MRI images.

[0039] The treatment device described herein may enable the ultrasonic
transducer to be easily positioned by an operator at the desired angle and/or
orientation, e.g., without tools and/or with tools that are compatible with use in or near
MRI systems.

[0040] These and other embodiments will be described in further detail below
with reference to the figures.

[0041] Figure 1A schematically illustrates an ultrasonic treatment device 50
(“device 50”) in accordance with various embodiments. The device 50 may include a
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transducer holder 10 that engages with a transducer 30 to hold the transducer 30 at a
desired angle with respect to a reference line 40 through the center of the transducer
holder 10. For example, the transducer is shown in Figure 1A to be held at an angle of O
degrees.

[0042] In various embodiments, the device 50 may further include one or more
straps 15 attached to the transducer holder 10 to secure the transducer holder 10 (and
thus the transducer 30) to a patient 60. The device 50 may further include an acoustic
pad 20 (e.g., a solid gel pad) positioned between the transducer 30 and the patient 60
to acoustically couple the ultrasonic energy from the transducer 30 to the patient 60. In
some embodiments, additional acoustic material (e.g., liquid gel) may be applied
between the patient 60 and the acoustic pad 20.

[0043] Figure 1B schematically illustrates the device 50 when the transducer 30
is generating an ultrasonic beam 70, in accordance with various embodiments. In some
embodiments, the transducer 30 may be a circular, single element transducer to provide
a spherically focused ultrasonic beam (e.g., with the general conical shape as shown in
Figure 1B). Those skilled in the art of ultrasound propagation will appreciate that the
conical shape shown in Figure 1B is a general representation, and that the actual
ultrasound beam is more complicated than the simple conical shape of the illustration.
[0044] Figure 2A illustrates the device 50 with the transducer 30 held by (e.g.,
within) the transducer holder 10 at an angle of 5 degrees relative to the reference line
40. An angled acoustic pad 22 may be used when the transducer 30 is oriented at an
angle, in order to substantially fill the space between the transducer 30 and the patient
60, and provide for acoustic transmission from the transducer 30 to the patient 60.
[0045] Figure 2B illustrates the ultrasonic beam 70 generated by the transducer
30 while held at the 5-degree angle. While the ultrasonic beam 70 is shown in Figure 2B
to be pointing upward into the patient 60, the angle of the transducer 30 may be
directed to aim the beam 70 in a different direction.

[0046] Figure 3 is an exploded view of an ultrasonic treatment device 150
(“device 150”) in accordance with various embodiments. The device 150 may depict one
example implementation of the device 50 in more detail. The device 150 may include a
transducer holder 100 (which may correspond to the transducer holder 10) and an
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ultrasonic transducer 300 (which may correspond to the transducer 30). The device 150
may further include a locking assembly 400 to couple the transducer 300 to the
transducer holder 100 in a desired orientation. Additionally, the device 150 may include
an acoustic pad 200 (e.g., gel pad) coupled to the transducer 300, e.g., to the bottom of
the transducer 300 to be positioned between the transducer 300 and the patient 60).
[0047] Figures 4A-4E illustrate additional views of the transducer holder 100.
Figure 5 illustrates a cross-sectional view of the transducer 300 held by (e.g., within) the
transducer holder at a 0-degree angle, as further discussed below. Additionally, Figure
6 illustrates a cross-sectional view of the transducer 300 held by (e.g., within) the
transducer holder 100 at a 5-degree angle. Furthermore, Figure 7 is a perspective view
of the device 150 with the transducer 300 held by the transducer holder 100 at a 5-
degree angle.

[0048] As shown in Figures 4A-4E, the transducer holder 100 may include
flanges 102a-d that extend out from a body 104 of the transducer holder 100 and
include openings 106a-d. The flanges 102a-d may enable the transducer holder 100 to
be coupled to the patient, e.g., using one or more straps (not shown in Figures 4A-4E).
For example, the one or more straps may be similar to strap 15 shown in Figures 1A-B
and 2A-B, and/or straps 115 shown in Figure 7. The four flanges 102a-d may enable the
transducer holder 100 to be coupled to the patient with straps that go around the patient
in two directions. For example, one strap may go across the patient’s forehead and
around the back of the patient’s head, and another strap may go around the top of the
patient’s head and under the patient’s chin.

[0049] In some embodiments, one or more of the flanges 102a-d may be
positioned above a bottom plane of the transducer holder 100 that is to be in contact
with the patient when the transducer holder 100 is secured to the patient. For example,
as shown in Figures 4A-4E, flanges 102b-d may be positioned at a greater height (e.g.,
the same height) from the bottom plane than the flange 102a (which is below opening
114, further discussed below). Additionally, in some embodiments, one or more portions
112 of the bottom surface 108 may extend up from a contact plane with the patient.
These features of the transducer holder 100 may enable the transducer holder 100 to

comfortably fit over the patient’s ear in some embodiments and/or use cases.
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[0050] Additionally, or alternatively, the flanges 102a-d may be oriented
symmetrically around the transducer holder 100, e.g., with respect to a vertical plane
through the center of the transducer holder 100. For example, flanges 102b and 102d
may be symmetrically located, as shown in Figures 4A-B and 4D-E. This may enable
the transducer holder 100 to be used on either side of the patient’s head.

[0051] It will be apparent that other embodiments may include a different number
of flanges 102-d and/or different positions of the flanges (e.g., height from the contact
plane and/or angular location around the transducer holder 100). For example, the
number and/or position of the flanges 102a-d may be modified for use of the transducer
holder on a different location on the patient’s body.

[0052] The transducer holder 100 may further include an opening 114 with a slot
116 to enable the cable of the transducer 300 (discussed further below) to pass through
the slot 116 when the transducer 300 is placed in the transducer holder 100 and exit
through the opening 114 while in position.

[0053] In various embodiments, the transducer holder 100 may include a plurality
of mating elements 110a-c on an inner surface 118 of the transducer holder 100. The
mating elements 110a-c may engage with locking elements of the transducer 300 to
hold the transducer 300 within the transducer holder 100, as discussed further below.
[0054] In some embodiments, the mating elements 110a-c may include grooves,
as shown in Figures 3-6. In some embodiments, the grooves may be parallel to one
another. The grooves may extend around all or most of the inner surface 118 of the
transducer holder, e.g., interrupted by the slot 116. For example, the grooves may
extend around at least 75% of the circumference of the inner surface 118, such as at
least 90% of the circumference. The individual grooves may be formed by a pair of
ridges that form the respective groove between them. For example, four ridges may
form three grooves. It will be apparent that other designs and/or physical attributes of
the mating elements 110a-c and corresponding locking elements 4222a-b may be used.
[0055] The transducer holder 100 may include any suitable materials, such as
urethane methacrylate. This material may provide a desirable combination of stiffness,
low weight, MRI safety, and invisibility in MRI images. However, it will be apparent that
other materials may be included in the transducer holder 100 in addition to or instead of
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urethane methacrylate. In some embodiments, the transducer holder 100 may be
generated by three-dimensional (3D) printing.

[0056] In various embodiments, the transducer 300 may generate ultrasound
energy to be delivered to the patient. For example, the transducer 300 may be
controlled by electrical drive signals received via a control interface 305 (e.g., a cable).
In some embodiments, the cable may be at least 3 meters in length to connect to an
electronic drive device that operates the transducer 300. In some embodiments, the
transducer 300 may be a circular single element transducer to provide a spherically-
focused ultrasonic beam. For example, the transducer 300 may be in the shape of a
hollow cylinder.

[0057] Different transducers 300 may be used with the other elements of the
device 150. For example, in some embodiments, the device 150 may employ different
transducers 300 having the same aperture (e.g., 60 mm or another suitable aperture)
and different focal lengths (e.g., a nominal radius of curvature (ROC) of 55mm, 65mm,
80mm, and/or another suitable value). The different focal lengths may be used to target
different regions of the brain.

[0058] In some embodiments, the transducer 300 may use a 1-3 piezoelectric
material with a low loss backing to provide a desired bandwidth (e.g., about 21% or
another suitable value for low power, non-imaging purposes). The measured focal peak
pressure locations are typically found 1-2mm shallower than the nominal transducer
ROC.

[0059] It will be apparent that other types and/or configurations of the transducer
300 may be used, depending on the application and/or treatment. For example, the
transducer 300 may have any suitable diameter, frequency, and/or focal length.

[0060] The transducer 300 may include a cover plate 320 over the top opening of
the transducer 300. The transducer 300 may include one or more portions that are
formed of a material that is visible (e.g., bright) on MRI images to provide a fiducial
marker that enables determination of the spatial orientation of the transducer 300. For
example, in some embodiments, a ring 310 on the transducer 300 (e.g., an interior top
edge of the opening in the transducer 300) and/or a ring 330 on the cover plate 320
may include the MRI-visible material. The MRI-visible material may be any suitable

10
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material that is visible on MRI images and compatible with MRI imaging, such as
Styrene block polymer.

[0061] The cover plate 320 may further include a receptacle 340 to receive a
screw 440 that couples the locking assembly 400 to the transducer 300. The locking
assembly 400 may include a locking plate 420 that includes locking elements 422a-b.
The locking elements 422a-b may be retractable from an extended position to a
retracted position by pulling respective actuators 424a-b toward the center of the locking
plate 420. The locking elements 422a-b may be spring-loaded, so that they move from
the retracted position to the extended position when the pressure on the respective
actuators 424a-b is released.

[0062] In some embodiments, the locking plate 420 may be positioned between
housing plates 410 and 430 (e.g., using screws 405). The locking assembly 400 may be
attached to the transducer 300 by the screw 440.

[0063] In some embodiments, the screw 440 may include an MRI-visible material,
such as Styrene block polymer. Accordingly, the screw 440 may provide a fiducial
marker to determine the position/orientation of the transducer 300 (e.g., in addition to or
instead of the rings 310 and 330). In some embodiments, the screw 440 may include a
cavity (e.g., in the center of the screw) that is filled with the MRI-visible material.

[0064] In various embodiments, the locking elements 422a-b may interact with
the mounting elements 110a-c of the transducer holder 100 to hold the transducer 300
to the transducer holder 100 at a desired angle. For example, the locking elements
422a-b may be retracted and then extend into a groove of one of the mounting elements
110a-c. In some embodiments, the locking elements 422a-b may be coupled with the
same mounting element 110a, 110b, or 110c to hold the transducer 300 at a first angle
(e.g., 0 degrees) with respect to the transducer holder 100. Alternatively, the locking
element 422a and 422b may be coupled to different mounting elements 110a-c to hold
the transducer 300 at a different (e.g., non-zero) angle with respect to the transducer
holder 100. For example, the locking element 422a may be engaged with the mounting
element 110a and the locking element 422b may be engaged with the mounting
element 110b to position the transducer at a second angle with respect to the
transducer holder 100. Additionally, the locking element 422a may be engaged with the

11
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mounting element 110a and the locking element 422b may be engaged with the
mounting element 110c to hold the transducer 300 at a third angle with respect to the
transducer holder 100. The third angle may be greater than the second angle. For
example, in one embodiment, the first angle may be 0 degrees, the second angle may
be 2.5 degrees, and/or the third angle may be 5 degrees.

[0065] The value of the second and third angles may be based on the spacing
between the mounting elements 110a-c. Additionally, the number of possible angles
may be based on the number of mounting elements 110a-c. It will be apparent that
other embodiments may use a different spacing between mounting elements 110a-c to
provide different values of the mounting angles and/or a different number of mounting
elements 110a-c to provide a different number of possible mounting angles.

[0066] In various embodiments, a non-zero angle of the transducer 300 may shift
the location of the focal zone of the ultrasonic beam compared to a 0-degree angle. For
example, for a nominal focal distance of 80 mm, the shifts are 3.5 mm for a 2.5-degree
angle and 7mm for a 5-degree angle. Since the focal zone may be about 4.4mm wide in
this example, the 7mm shift translates into a shift of 1.6 times the beam diameter, or
3.2x the beam radius. The 2.5 degree angle accomplishes a nearly complete shift of the
focal region to an adjacent location, and the 5 degree offset moves the focus completely
to another location. The shift scales with the focal distance, so the value of the shift will
be different for other focal distances.

[0067] One skilled in the art would comprehend that the spacing of the mounting
elements (e.g., grooves) 110a-c may be arranged to provide corresponding shifts of the
focal zone as may be desired, e.g., depending upon the focal distance and diameter of
the focal region of the transducer 300. Shifts of less than one-half the beam diameter
(equivalently, shift of less than a beam radius) may not be as useful, as there may not
be enough of a shift to materially change the region of stimulation within the brain.
Similarly, too large an angle may create shear waves within the skull, which negatively
affects beam transmission.

[0068] In various embodiments, the transducer 300 and/or locking assembly 400
may be rotated to point the ultrasonic beam in the desired direction (e.g., when the
transducer 300 is oriented at a non-zero angle). This rotation may be facilitated by the

12
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mounting elements 110a-c being parallel to one another. However, other embodiments
may include two or more mounting elements 110a-c that are disposed at different
angles (not parallel).

[0069] In some embodiments, the locking assembly 400 (e.g., locking plate 420)
may rotate with respect to the transducer 300 to enable the transducer 300 to be
mounted at different directions of angulation. This may enable the transducer 300 itself
to maintain a position with the control interface 305 and/or associated cable to be
aligned with the opening 114 of the transducer holder 100.

[0070] As discussed above, the acoustic pad 200 may be disposed between the
transducer 300 and the patient to facilitate passage of the ultrasonic energy from the
transducer 300 to the patient. The acoustic pad 200 may fit within the bottom of the
transducer holder 100. In some embodiments, the acoustic pad 200 may be preformed
at an angle (e.g., the first, second, or third angle described above) to provide acoustic
coupling when the transducer 300 is oriented at that angle. Accordingly, different
acoustic pads 200 may be used for different angles of the transducer 300. In some
embodiments, the acoustic pads 200 may be color-coded according to the angle that
they provide.

[0071] The acoustic pad 200 may include and/or be provided with an acoustic
gel. For example, in some embodiments, acoustic gel may be applied to one or both
sides of the acoustic pad 200. In some embodiments, the acoustic pad 200 may include
styrene block polymer and/or another material that is visible in MRI images. The MRI
visibility of the acoustic pad 200 may provide another source of reference to determine
the positioning of the transducer 300.

[0072] In some embodiments, the acoustic pad 200 may include a rim 210
mechanically associated with (e.g., embedded into) a top surface of the acoustic pad
200 to maintain the acoustic pad 200 in place adjacent to the transducer 300. For
example, the rim 210 may couple to a corresponding rim on the bottom edge of the
transducer 300. The rim 210 may be designed so as not to interfere with the
propagation of the ultrasound signal from transducer 300 into patient 60, either by
choice of material composition of rim 210, or selection of the inner diameter of rim 210

S0 as not to be in the path of the ultrasound beam 70.
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[0073] Figure 8 is a bottom perspective view of the acoustic pad 200 positioned
on the bottom of the transducer 300, showing the rim 210 engaged with the bottom rim
350 of the transducer. The rim 210 may prevent the acoustic pad 200 from slipping off
the bottom surface of the transducer, which may be especially prone to happen with
angled positions of the transducer 300.

[0074] Figure 9 illustrates the rim 210 in more detail, in accordance with some
embodiments. For example, the rim may include two circular portions 204 that are
connected by multiple connecting portions 208. In some embodiments, the rim 210 may
further include an alignment feature 215 to enable determination of the direction of the
angled slope of the acoustic pad 200. For example, the alignment feature 215 may be
aligned with the thickest portion of the acoustic pad 200. The alignment feature 215 may
not be needed for a 0-degree acoustic pad 200. The alignment feature 215 may be a
physical feature that is visually distinguishable, such as a connecting portion that is
different from the other connecting portions 208 of the rim 210.

[0075] The rim 210 may be made of any suitable material. For example, in some
embodiments, the rim 210 may be made of plastic, e.g., 3-D printed, such as Fused
Deposition Modeling (FDM) Ultem 9085.

[0076] In some embodiments, the fiducial marking features additionally or
alternatively include optical sensing features coupled to the transducer 300 (e.g., the
back of the transducer 300, such as the cover plate 320). The optical sensing features
may include individual targets, such as multiple small spherical targets arranged in a
triangular or other pattern in space behind transducer 300. The targets may be imaged
by one or more optical detection devices such as one or more cameras. By comparing
the position of these optical targets with the known central axis of the transducer 300, it
is possible to align the transducer 300 in space relative to the patient’s head or other
body part without the use of an MRI system. Such an optical system may need
information on the spatial location of the patient’s head, which may be done with the
previously mentioned optical targets, as well as some internal mapping of the patient’s
brain or other body part from a separately obtained scan, such as a MRI or medical CT

scan.
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[0077] One skilled in the art will recognize that there are other methods of such
external optical marking, such as bar codes, QR codes, light emitting diodes (LEDs), or
other patterns to be placed on the transducer 300, the holder 100, and/or the patient.
[0078] One skilled in the art will also recognize that another method of positioning
the transducer may be used, such as external LEDs viewed by multiple cameras or
external sound sources detected by multiple microphones.

[0079] A further extension of the fiducial marking system may use external
physical measurements of the patient’'s head or other body region to determine the
required position and angle of the transducer.

[0080] In accordance with various embodiments herein, the device 150 described
herein may enable the angle of the transducer 300 to be easily adjusted to be one of a
predefined set of angles with respect to the transducer holder 100. Additionally, the
circumferential nature of the mounting elements 110a-c enables the angled beam of the
transducer to be pointed in a desired direction. For example, the locking assembly 400
may be rotated to point the angled transducer 300 in a desired direction.

[0081] Furthermore, the compact design of the device 150 may enable the device
150 to be used within an MRI head coil. Additionally, the device 150 may include
integrated fiducial markers, such as the rings 310 and/or 330, the screw 440, and/or the
acoustic pad 200.

Experimental Results

[0082] Figures 10-13 illustrate experimental results obtained using the devices
and methods described herein (e.g., the device 50 and/or device 150), in accordance
with various embodiments. Figures 10-13 are MRI images of test subjects undergoing
treatment using low-intensity focused ultrasound pulsation (LIFUP) with the transducer
300 and transducer holder 100 herein disclosed. The MRI images were not acquired
perfectly perpendicular to the fiducial rings, but were rotated after acquisition to facilitate
targeting. Figure 10 shows the transducer 300 in relationship to the subject’s ear 500.
The two fiducial rings 310 and 330 are clearly visible in the image.

[0083] Figure 11 illustrates the alignment process. The center of the concentric
rings (fiducial markers 310 and 330) locates the axis of the ultrasound beam (upper left
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image). The line 1105 in the upper right and bottom images delineates the plane of the
rings 310 and 330 and transducer 300. A line drawn perpendicular to the plane of the
rings through the center screw 440 (e.g., line 1110 in the upper right and bottom
images) established the central acoustic axis. The position of acoustic focus within the
brain can be estimated using the measured transducer focal depth (which depends
upon the design characteristics of the transducer 300 as required by the clinical
circumstance) placed along the line of the acoustic axis determined using the fiducial
markers. The gel pads used for acoustic coupling also are highly visible within the MRI
image, making it easier to determine the exact position of the transducer and skull
surfaces.

[0084] Figure 12 shows an overlay of the Figure 11 image, with an oval that
represents the focal location based on hydrophone measurements taken in water. The
actual focal zone in-situ would be broader in width (due to distortion from bone) and
shallower in depth (due to attenuation of the ultrasound along the direction of
propagation). However, this gives the operator a general sense of the volume to be
insonified. Based on images like Figure 12, the operator may determine whether the
transducer 300 is aimed at the desired location within the brain. The desired location
depends upon the patient condition to be treated.

[0085] Figures 13A and 13B show an example of localized stimulation of brain
tissue using Low Intensity Focused Ultrasound Pulsations (LIFUP). This is a
representative sample image from a single subject recruited under an IRB-approved
study (IRB: 18-000104). Figure 13A shows the targeting process, with the center of the
acoustic axis shown by line 1305 (compare to Figure 11). A separate line 1310 is
superimposed to show the approximate location of the focal region for the transducer
used in this study (65mm). This corresponds to the center of the oval region delineated
in Figure 12.

[0086] Figure 13B shows LIFUP-induced changes in cerebral blood flow (CBF)
as measured using pulsed arterial spin labeling (1.5 x 1.5 x 3 mm voxels, TR=4600 ms,
TE=16.18 ms, TI=1990 ms, BD=700 ms, FAIR QIl perfusion, 3D turbo GRASE
sequence, turbo factor = 20) collected using a Siemens 3T Prisma scanner. The ASL
images are acquired before and after LIFUP stimulation. The resultant sequences are
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processed using FSL v 6.0.1 (FMRIB Software Library, Oxford, UK), and then
subtracted to create a subtraction image. This is then is overlaid on a high resolution
structural T1-weighted image, in order to generate the image seen in figure 13B.

[0087] The transducer used in this study has a 65 mm focal depth, with 61 mm
diameter. The ultrasound transmit parameters were 942mW/cm? lsptao (720mW/cm?
Ispta.s), 100 Hz PRF, 5% Duty Cycle, 0.71 MPa pro and 30s on / 30s off for one 10
minute treatment block. The resultant change in the entorhinal cortex is in the focal
region. The activations near the focus are presumed to be a direct effect of the LIFUP,
while the other activations are presumed to be indirect effects via the functional
connectivity of the focal region. Note that some of the apparent activations in this
particular slice are not in the brain itself.

[0088] Although certain embodiments have been illustrated and described herein,
it will be appreciated by those of ordinary skill in the art that a wide variety of alternate
and/or equivalent embodiments or implementations calculated to achieve the same
purposes may be substituted for the embodiments shown and described without
departing from the scope. Those with skill in the art will readily appreciate that
embodiments may be implemented in a very wide variety of ways. This application is
intended to cover any adaptations or variations of the embodiments discussed herein.
Therefore, it is manifestly intended that embodiments be limited only by the claims and
the equivalents thereof.
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CLAIMS

What is claimed is:

1. An ultrasonic treatment device comprising:
a transducer holder including:
a circular body having an inner surface that is cylindrical; and
a plurality of mating elements that extend around the inner surface at
different heights from a bottom of the transducer holder; and
a locking assembly to be attached to an ultrasonic transducer, wherein the
locking assembly includes a first locking element and a second locking element that are
each adapted to engage with any of the plurality of mating elements to hold the

ultrasonic transducer at a selected angle with respect to the transducer holder.

2. The ultrasonic treatment device of claim 1, wherein the plurality of mating
elements include at least a first mating element, a second mating element, and a third
mating element, and wherein the locking assembly is to:

hold the ultrasonic transducer at a first angle when the first and second locking
elements are both engaged with the first mating element;

hold the ultrasonic transducer at a second angle when the first locking element is
engaged with the first mating element and the second locking element is engaged with
the second mating element; and

hold the ultrasonic transducer at a third angle when the first locking element is
engaged with the first mating element and the second locking element is engaged with

the third mating element.

3. The ultrasonic treatment device of claim 2, wherein the first angle is 0
degrees.
4. The ultrasonic treatment device of claim 3, wherein the second angle is

2.5 degrees and the third angle is 5 degrees.
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5. The ultrasonic treatment device of claim 1, wherein the mating elements

include respective grooves or ridges.

6. The ultrasonic treatment device of claim 1, wherein the first and second
locking elements are biased in an extended position in which the first and second
locking element is engaged with the respective mounting element to hold the transducer
in place, and wherein the locking assembly further includes one or more actuators that
are operable to move the first and second locking elements to a retracted position to
disengage the respective first and second locking elements from the respective

mounting element.

7. The ultrasonic treatment device of claim 1, wherein the mounting elements

are parallel to one another.

8. The ultrasonic treatment device of claim 7, wherein the mounting elements

extend at least 75% of a circumference of the inner surface.
9. The ultrasonic treatment device of claim 1, wherein the locking assembly
includes a screw to couple the locking assembly to the ultrasonic transducer such that

the locking assembly is rotationally movable with respect to the ultrasonic transducer.

10. The ultrasonic treatment device of claim 9, wherein the screw includes a

material that is visible in magnetic resonance imaging (MRI).

11.  The ultrasonic treatment device of any one of claims 1 to 10, further

comprising the transducer.

12. The ultrasonic treatment device of claim 11, wherein the transducer

includes one or more portions of a material that is visible in MRI.
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13.  The ultrasonic treatment device of claim 11, further comprising an acoustic
pad that includes a rim embedded into the acoustic pad to engage the acoustic pad with
a bottom portion of the transducer.

14. A transducer holder for an ultrasonic transducer, the transducer holder
comprising:

a circular body having an inner surface that is cylindrical; and

a plurality of grooves that extend around the inner surface at different heights
from a bottom plane of the transducer holder, wherein individual grooves of the plurality
of grooves are adapted to engage with at least one locking element of the ultrasonic
transducer to hold the transducer at a selected one of multiple mounting angles with
respect to the transducer holder.

15.  The transducer holder of claim 14, wherein the plurality of grooves include

three or more grooves.

16.  The transducer holder of claim 14, wherein the plurality of grooves are
parallel to one another.

17.  The transducer holder of claim 14, further comprising:

a plurality of flanges extending outward from the circular body, wherein the
plurality of flanges are adapted to be attached to one or more straps to secure the
transducer holder to a patient, wherein at least one of the plurality of flanges is
positioned above a bottom plane of the transducer holder.

18.  The transducer holder of any one of claims 14 to 17, further comprising a
bottom surface that extends above the bottom plane at one or more portions to leave an
opening between a patient and the one or more portions.

19. A system for ultrasonic treatment, the system comprising:
a transducer holder including:
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a circular body having an inner surface that is cylindrical; and
a plurality of mating elements that extend around the inner surface at
different heights from a bottom of the transducer holder;

an ultrasonic transducer to generate an ultrasonic beam;

a locking assembly that is rotatably attached to a top of the ultrasonic transducer
to enable rotation of the locking assembly with respect to the ultrasonic transducer,
wherein the locking assembly includes a first locking element and a second locking
element that are each adapted to engage with any of the plurality of mating elements to

hold the ultrasonic transducer at a selected angle with respect to the transducer holder.

20. The system of claim 19, wherein the plurality of mating elements of the
transducer holder include at least a first mating element, a second mating element, and
a third mating element, and wherein the locking assembly is to:

hold the ultrasonic transducer at a first angle of 0 degrees when the first and
second locking elements are both engaged with the first mating element;

hold the ultrasonic transducer at a second angle when the first locking element is
engaged with the first mating element and the second locking element is engaged with
the second mating element; and

hold the ultrasonic transducer at a third angle when the first locking element is
engaged with the first mating element and the second locking element is engaged with
the third mating element, wherein the second and third angles are non-zero and the
third angle is greater than the second angle.

21.  The system of claim 19, wherein the mating elements include respective
grooves or ridges.

22.  The system of claim 21, wherein the grooves or ridges are parallel to one
another.

23. The system of claim 19, wherein the first and second locking elements are
biased in an extended position in which the first and second locking element is engaged
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with the respective mounting element to hold the transducer in place, and wherein the
locking assembly further includes one or more actuators that are operable to move the
first and second locking elements to a retracted position to disengage the respective

first and second locking elements from the respective mounting element.
24.  The system of any one of claims 19 to 23, further comprising an acoustic

pad that includes a rim embedded into the acoustic pad to engage the acoustic pad with
a bottom portion of the transducer.

22



WO 2021/236455 1719 PCT/US2021/032554

Figure 1A



PCT/US2021/032554

2718

WO 2021/236455

50

Patient

\
Ty,

",

1B

igure

F



WO 2021/236455

50

N

3718

Figure 2A

PCT/US2021/032554



WO 2021/236455 PCT/US2021/032554

4718
50
\ | 15

Patient
60

Figure 2B



PCT/US2021/032554

WO 2021/236455
5718

SRR
s ,~~_~\~_\}~~x\\\».' 3
RN

\\\\\\\\\,\\\\\\\\N\\\ &

R
.. ‘%\\

S R
R

&
B
N

& SONRS
N AL
SR SRSy
N ERRIRR =
N

nin,
N
N
N,

<
N X
N %
3 b
B H
$
&
o §
b &
N
R :
o

o 2 S
o~ RN
S NN

Figure 3

RIS

N

AR

&
s
5

28008

>
e
RS

4223

4243

150



PCT/US2021/032554

WO 2021/236455

§/18

av07

20T

vy eansid

ot IR
B it -

i e st i s
o O L

.

Yo,

L e e N
poscossoomvi

e, i s
e T R ol
sy, e e et i AP
A, PSRkt ettt e errrennise et AT

ctrey,
Attty ot i

T4

o0t



PCT/US2021/032554

7718

WO 2021/236455

EZ07

e, by v,

g A

oy,

e
i T
At

sy
..
20

i,

R,
ey
iy,
s,
e

e pey i,
g

=i

e AT

T
s(\\\.\\x.s.w\nmﬂ.\,”\\\. N

it A T
.

4970t

o0t



PCT/US2021/032554

8/18

WO 2021/236455

Ot 84n3i4

T

iit

Y

IZ0T

B 7
7
7

2

001



WO 2021/236455

PCT/US2021/032554

8/18

4ot

ay 24n3i4

N
N

PR
o

3

\\\\3\\\3\3\

LI

o

i
3
.

TR

e
A

AR

%

3

R

s

z s
m M
G,
TR
i o
R i s

BZ01

%

",
LI

R

g0t

]

POt



PCT/US2021/032554
16719

WO 2021/236455

qzot

I 24n3i4

ps

PCOT

001



WO 2021/236455

S

11718

i

trrrrresiress

.

e

grrtrerrees

e

i

",

hrnrErr e aree

Yern

PCT/US2021/032554

Figure 5




PCT/US2021/032554

WO 2021/236455

12719

g 24nsid4

T

e ,\M&f}w“t

~p

e rsr s 0

7
Y F g
13

s

et

bk

x
o
ot e

o

x

rrrroreses




PCT/US2021/032554
13719

WO 2021/236455

£ 8ingdid

S11

00<

%,
%
% s
s nN?\c....uR&“.}
e » o0

A

SO

AN

it §

™

S :
USRS et

I % kg o],
R I - % o O i
3 s\x\s\\g@\{t f&.. R #:g.\.\,.

e
i,
oy o
rer, .
At ",

tengr

i ST e, e -
)c.anxtxuuu\\n.\cxmms.gwwq\w st R Sttty
7 =,
. 5 ", " N .
S \m&ﬂ“\\ L V}fft? N i ;
A i, Yo

ey

e i g aiin i BN s ¥
Ty, g i
| |
e g . . s

Nt gy S S s A
R =" st B %% i

2 RE
vy g /h Eply
| Ovb

o0

05t



PCT/US2021/032554

WO 2021/236455

14719

Q aunsdiy4

i S S RO 11 4 i 4 ',
o P it pe i,

e

P e LA L S s

I et L e Y
I et i,
it SR R e,
T A S AL iy R

e e P ey, (Et= e N

TR R e Rty o
Y o el Rt gy,
o a: g,

T - el il

e,

z
i /
P i PN E
e — & f
e rsers s g ) pnsicriot P
- \\\b\‘..... S ‘w‘

\&\\r,\‘\(xt\xsi\\itx MM«

R




PCT/US2021/032554
16719

WO 2021/236455

o

i
iz
Y
Fd

Figure 9



WO 2021/236455 PCT/US2021/032554
16719

316 330

Figure 10



PCT/US2021/032554
17719

WO 2021/236455

1105

1110

Figure 11



PCT/US2021/032554
18719

WO 2021/236455

Figure 12



PCT/US2021/032554
18719

WO 2021/236455

g¢1 a4ndig

VET 24n3i4

01t

S0eT




INTERNATIONAL SEARCH REPORT Intemnational application No.

PCT/US 21/32554

A. CLASSIFICATION OF SUBJECT MATTER
IPC-  A61B 8/00, G10K 11/00, A61N 7/00, A61B 8/08 (2021.01)

CPC - A61B 8/4281, A61B 8/4236, G10K 11/004, A61N 7/00, A61B 8/4227, A61B 8/0816, A61B 8/4422,
A61B 8/4209

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCIICD

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 9,630,029 B2 (Wurster et al.) 25 April 2017 (25.04.2017), entire document, especially Fig. 1, 5-10, 11/(1, 5-10),
- 1A, 4;c0l 2,4,5,6 12/11/(1, 5-10), 14-17,
Y 18/(14-17), 19, 21-23

2-4, 11/(2-4), 12111/(2-4),
13/11/(1, 5-10), 13/11/(2-
4), 20, 24/(19-23)

2-4, 11/(2-4), 12/11/(2-4),
Y US 2002/0103436 A1 (Njemanze) 1 August 2002 (01.08.2002), entire document, especially Fig. | 13/11/(2-4), 20
1, 3, 4; para [0006], [0017], [0018)

13/11/(1, 5-10), 13/11/(2-
Y US 2011/0264012 A1 (Lautzenhiser et al.) 27 October 2011 (27.10.2011), entire document, 4), 24/(19-23)
especially Fig. 2A; para [0042], [0043]

1-24
A US 2017/0105700 A1 (BAR-ZION et al.) 20 April 2017 (20.04.2017), entire document
1-24
A US 5,381,794 A (Tei et al.) 17 January 1985 (17.01.1995), entire document
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“D” document cited by the applicant in the international application “X" document of particular relevance; the claimed invention cannot be
“E" earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
“L” document which may throw doubts on priority claim(s) or which “Y” document of particular relevance; the claimed invention cannot
is cited to establish the publication date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” documentreferringtoan oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

“P” document published prior to the international filing date but later than “&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
27 July 2021 (27.07.2021) S E P 1 6 2021

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Kari Rodriquez

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 5§71-273-8300 Telephone No. PCT Helpdesk: 5§71-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - wo-search-report

