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1
IMPLANTABLE SONIC WINDOWS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 61/818,724, filed May 2, 2013, which is
hereby incorporated by reference herein in its entirety.

BACKGROUND

Brain imaging is typically used for management of many
neurosurgical conditions. Most often, computed tomography
(CT) and/or magnetic resonance imaging (MRI) are the
modalities used to image the brain in such cases. While such
modalities can be effective, neither is ideal. CT scanning is
currently falling out of favor because of the risk of inducing
neoplasia, while MRI is unattractive because of its high cost
and the need for patient sedation.

In view of the above discussion, it can be appreciated that
it would be desirable to have an alternative way to image the
brain.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood with ref-
erence to the following figures. Matching reference numerals
designate corresponding parts throughout the figures, which
are not necessarily drawn to scale.

FIG. 1A is a top view of a first embodiment of an implant-
able sonic window.

FIG. 1B is a side view of the sonic window of FIG. 1A.

FIG. 2A is a top view of a second embodiment of an
implantable sonic window.

FIG. 2B is a side view of the sonic window of FIG. 2A.

FIG. 3A is a top view of a third embodiment of an implant-
able sonic window.

FIG. 3B is a side view of the sonic window of FIG. 3A.

FIG. 4A is a top view of a fourth embodiment of an
implantable sonic window.

FIG. 4B is a cross-sectional side view of the sonic window
of FIG. 4A.

FIG. 5A is a top view of a fifth embodiment of an implant-
able sonic window.

FIG. 5B is a side view of the sonic window of FIG. 5A.

FIG. 6A is atop view of a sixth embodiment of an implant-
able sonic window.

FIG. 6B is a side view of the sonic window of FIG. 6A.

FIG. 7A is a top view of a seventh embodiment of an
implantable sonic window.

FIG. 7B is a side view of the sonic window of FIG. 7A.

FIG. 8A is a top view of a eighth embodiment of an
implantable sonic window.

FIG. 8B is a side view of the sonic window of FIG. 8A.

FIG. 9 is a top view of a sonic window implanted within a
patient.

FIG. 10 is a side view of a patient with an implanted sonic
window and illustrates ultrasound imaging through the sonic
window.

DETAILED DESCRIPTION

As described above, it would be desirable to have an alter-
native way to image the brain. As disclosed herein, the brain
can be imaged by forming an opening in the cranium and
performing ultrasound imaging through the opening. In some
embodiments, the opening in the cranium can be closed with
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2

an implantable sonic window that provides protection to the
brain and prevents deformation of the brain due to pressure
changes but that also permits ultrasonic waves to freely pass
into and out from the brain. In some embodiments, the sonic
window is made of a sonically translucent polymeric mate-
rial.

In the following disclosure, various specific embodiments
are described. It is to be understood that those embodiments
are example implementations of the disclosed inventions and
that alternative embodiments are possible. All such embodi-
ments are intended to fall within the scope of this disclosure.

FIGS. 1A and 1B illustrate a first embodiment of a sonic
window 10 that can be used to close an opening formed in the
cranium for purposes of ultrasound imaging of the brain. As
shown in the figures, the window 10 comprises a generally
planar body 12 that is unitarily formed from a single piece of
material. In some embodiments, the material is a strong but
porous sonically translucent material through which ultra-
sonic waves can pass for purposes of imaging the brain. By
way of example, the material is a polymeric material, such as
polyethylene, polystyrene, acrylic, or poly(methyl methacry-
late) (PMMA). In some embodiments, the polymeric material
has a porosity of approximately 20 to 500 um. While the body
12 has been described as being “planar,” it is noted that, in at
least some embodiments, the body can be curved to match the
contours of the cranium to which it is to be applied. Such
curvature can be provided during manufacturing of the sonic
window 10 or can be achieved by the user (e.g., surgeon) prior
to implantation of the sonic window. In the latter case, the
body 12 can be curved by first heating it to a temperature at
which its material is malleable.

In the illustrated embodiment, the body 12 is generally
rectangular such that it includes four corners and four outer
edges 14. In such a case, the body 12 can have length and
width dimensions of approximately 2 to 3 cm. Other dimen-
sions are possible, however, and, in general, the dimensions
will correspond to the size of the opening that has been
formed through the cranium. While the body 12 is shown as
being rectangular in FIGS. 1A and 1B, it is noted that the body
can have substantially any shape. For instance, FIGS. 3A and
3B, which are described below, show a sonic window having
a circular body.

As is further shown in FIGS. 1A and 1B, the body 12
includes an outer surface 16 and an inner surface 18. As
indicted in FIG. 18, the body 12 defines a peripheral portion
20, which is applied to the outer surface of the cranium, and
a central portion 22, which fits within the opening formed
through the cranium. The peripheral portion 20 can be
approximately 1 to 2 mm thick so that the window 10 will
only minimally extend upward from the outer surface of the
cranium while the central portion 22 can be approximately 1
to 8 mm thick. As is further shown in FIG. 1B, outer edges 28
of the central portion 22 can be angled such that the central
portion gradually tapers from the peripheral 20 portion to
facilitate insertion of the central portion into the cranium
opening.

With reference back to FIG. 1A, peripheral mounting holes
24 are formed through the peripheral portion 20 of the body
12. In the illustrated embodiment, 4 to 5 holes 24 are formed
along each side of the body 12, although each side can com-
prise a larger or smaller number of holes. The holes 24 are
adapted to receive fastening elements that can pass through
the body 12 and into the bone of the cranium. By way of
example, the fastening elements can comprise screws, bone
anchors, sutures, or wires. In some embodiments, the holes
are approximately 1 mm in diameter.



US 9,044,195 B2

3

The body 12 further includes central mounting holes 26
formed in the central portion 22 of the body that are adapted
to receive fastening elements that can pass through the body
and anchor in the dura overlying the brain. In such a case, the
dura can be supported by the sonic window 10 to prevent fluid
from collecting between the window and the dura. By way of
example, the fastening elements can comprise soft-tissue
anchors, sutures, or wires.

FIGS. 2A and 2B illustrate a second embodiment of a sonic
window 30. The sonic window 30 is similar in several ways to
the sonic window 10 shown in FIGS. 1A and 1B. Accord-
ingly, the sonic window 30 generally comprises a planar body
32 that is made of a sonically translucent polymeric material
and that defines a peripheral portion 34 and a central portion
36. The peripheral portion 34 comprises multiple edges 38
and the central portion 36 comprises multiple edges 40.
Unlike the sonic window 10, however, the sonic window 30
does not include mounting holes. Instead the sonic window
30 is adapted to attach to the cranium using adhesive or a press
fit. In the former case, adhesive, such as cyanoacrylate, can be
applied to the inner surface of the peripheral portion 34 and/or
the outer surface of the cranium and the sonic window 30 can
be placed over the opening in the cranium. Once the adhesive
has cured, the sonic window 30 will be secured to the cra-
nium. In the latter case, the central portion 36 of the body 32
can have a similar shape and dimension as the cranium open-
ing such that, when the central portion is pressed into the
cranium opening, the sonic window 30 will be held in place
by friction. As shown in FIG. 2B, the edges 40 of the central
portion 36 can be generally perpendicular to the inner surface
of'the peripheral portion 34 (and therefore the outer surface of
the cranium) to facilitate such a fit. Alternatively, the periph-
eral portion 34 can be melted with locally applied heat to fuse
it to the margins of the craniotomy defect. Bone staples can
also be used to further secure the sonic window 30 in place.

FIGS. 3A and 3B illustrate a third embodiment of a sonic
window 50. The sonic window 50 is similar in several ways to
the sonic window 30 shown in FIGS. 2A and 2B. Accord-
ingly, the sonic window 50 generally comprises a planar body
52 that is made of a sonically translucent polymeric material
and that defines a peripheral portion 54 and a central portion
56. Unlike the sonic window 30, however, the sonic window
50 is circular. Therefore, the peripheral portion 54 comprises
a circular outer edge 58 and the central portion 56 comprises
a circular outer edge 60. In some embodiments, the sonic
window 50 can be used as a burr hole cover through which
ultrasonic waves can pass. In such an application, the central
portion 56 can have a diameter of approximately 1 to 2 cm.

FIGS. 4A and 4B illustrate a fourth embodiment of a sonic
window 70. The sonic window 70 is similar in several ways to
the sonic window 10 shown in FIGS. 1A and 1B. Accord-
ingly, the sonic window 70 generally comprises a planar body
72 that defines a peripheral portion 74 and a central portion
76. The peripheral portion 74 comprises multiple edges 78
and the central portion 36 comprises multiple edges 80. In
addition, mounting holes 82 are provided through the periph-
eral portion 74 and central mounting holes 84 are provided
through the central portion 76. Unlike the sonic window 10,
however, at least part of the central portion 76 is made of a
lower-density, higher-porosity material 84 through which
ultrasound waves can easily pass while the peripheral portion
74 is made of a high-density, lower-porosity material 86
through which ultrasound waves cannot easily pass but that is
stronger than the higher-porosity material. In some embodi-
ments, the material 84 of the central portion 76 is a polymeric
material such polyethylene, polystyrene, acrylic, or PMMA
while the material 86 of the peripheral portion 74 is made of
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silicone, polyoxymethylene (POM), high grade polytet-
rafluoroethylene (PTFE), or a biocompatible metal, such as
titanium or stainless steel.

In some embodiments, a sonic window can comprise a
metal mesh that provides strength to and facilitates shaping of
the sonic window. FIGS. 5A and 5B illustrate an example of
such a sonic window 90. As indicated in these figures, the
sonic window 90 generally comprises a mesh 92 that is par-
tially encapsulated in a body 94 of sonically translucent mate-
rial. In the illustrated embodiment, the mesh 92 comprises a
matrix of circular elements 96 that are connected within the
matrix by linear links 98. Each of the circular elements 96
includes a circular opening 100 through which a fastening
element, such as a screw, bone anchor, suture, or wire, can
pass. In some embodiments, the mesh 92 is made of titanium
or a titanium alloy.

The body 94 can be made of a sonically translucent poly-
mer material, such as polyethylene, polystyrene, acrylic, or
PMMA. As is apparent in FIG. 5B, the body 94 can encapsu-
late a central portion of the mesh 92 (on all sides) but stop
short of encapsulating the edges of the mesh, which form a
peripheral portion 102 that can be used to secure the sonic
window 90 in place on the cranium. Accordingly, the mesh 92
extends beyond the outer edges 104 of the body 94. With
further reference to FIG. 5B, the body 94 further comprises an
outer surface 106 and an inner surface 108 and can be
approximately 0.5 to 1 mm thick. The mesh 92 can, for
example, be encapsulated by the material of the body 94 using
an injection molding process or by applying separate pieces
of the body material to the outer and inner sides of the mesh
and fusing the pieces together to form a monolithic body.

Although the material of the mesh 92 is not sonically
translucent, the mesh is relatively course so that ultrasonic
waves can pass through the mesh. In some embodiments,
appropriate image-processing software can be used to attenu-
ate any interference created by the mesh 92 so that a clean
ultrasound image can be reconstructed.

FIGS. 6A and 6B illustrate a further embodiment of a sonic
window 110. The sonic window 110 is similar in several ways
to the sonic window 90 shown in FIGS. 5A and 5B. Accord-
ingly, the sonic window 110 generally comprises a mesh 112
that is partially encapsulated in a body 114 of sonically trans-
lucent material. The mesh 112 comprises a matrix of circular
elements 116 that are connected within the matrix by linear
links 118. Each of the circular elements 116 includes a circu-
lar opening 120 through which a fastening element, such as a
screw, bone anchor, suture, or wire, can pass. The body 114
encapsulates a central portion of the mesh 112 (on all sides)
but stops short of encapsulating the edges of the mesh so as to
form a peripheral portion 122 of mesh that extends beyond the
outer edges 124 of the body 114. Unlike the sonic window 90,
however, the mesh 112 has a central opening 126 (that is
encapsulated within the body 114) that enables ultrasonic
waves to pass unimpeded through the window 110.

FIGS. 7A and 7B illustrate another embodiment of a sonic
window 130. The sonic window 130 is similar in several ways
to the sonic window 90 shown in FIGS. 5A and 5B. Accord-
ingly, the sonic window 130 generally comprises a mesh 132
that is encapsulated in a body 134 of sonically translucent
material. The mesh 132 comprises a matrix of circular ele-
ments 136 that are connected within the matrix by linear links
138. Each of the circular elements 136 includes a circular
opening 140 through which a fastening element, such as a
screw, bone anchor, suture, or wire, can pass. Unlike the mesh
92 of the sonic window 90, the mesh 132 of'the sonic window
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130 is completely encapsulated within the body 134 such that
no edges of the mesh extend beyond the edges 142 of the
body.

FIGS. 8A and 8B illustrate another embodiment of a sonic
window 150. The sonic window 150 is similar in several ways
to the sonic window 130 shown in FIGS. 7A and 7B. Accord-
ingly, the sonic window 150 generally comprises a metal
mesh 152 that is wholly encapsulated in a body 154 of soni-
cally translucent material. The mesh 152 comprises a matrix
of circular elements 156 that are connected within the matrix
by linear links 158. Each of the circular elements 136 includes
a circular opening 160 through which a fastening element,
such as a screw, bone anchor, suture, or wire, can pass. Unlike
the mesh 132 of the sonic window 130, the mesh 152 of the
sonic window 150 has a central opening 162 that enables
ultrasonic waves to pass unimpeded through the sonic win-
dow 150.

FIGS. 9 and 10 illustrate implantation of an example sonic
window 170 to the cranium C of a patient. As shown in FIG.
9, the sonic window 170 can be implanted at the bregma. In
such a case, an opening would be formed through the cranium
at the bregma and the sonic window 170 would be secured to
the cranium C in a manner in which it covers the opening. The
scalp canthen be closed over the sonic window 170. While the
bregma is a convenient location for the sonic window 170, it
is noted that the sonic window 170 can be implanted at sub-
stantially any location on the cranium.

As mentioned above, the sonic windows can be used in a
diagnostic manner to image the tissues of the brain. FIG. 10
illustrates an example of this. As shown in that figure, the tip
of an ultrasound probe P can be positioned at the sonic win-
dow 170 after it has been implanted (and after the scalp has
been closed) to transmit ultrasonic radiation UR through the
window and into the brain. Although images obtained from
the ultrasound imaging may provide enough information on
their own, it is noted that other imaging modalities can be
used to supplement that information. For example, if desired,
CT scanning and/or MRI imaging can be used in conjunction
with the ultrasound imaging to obtain a more complete pic-
ture of what is happening within the patient’s brain.

It is further noted that the sonic windows can be used in a
therapeutic manner. For example, focused ultrasound waves
can be transmitted through the sonic window 170 to provide
deep tissue heating and/or ablation of target tissue (e.g., a
tumor). As a further example, continuous ultrasonic imaging
could be performed through the sonic window to facilitate of
a positioning of a catheter within the brain tissue. Further-
more, continuous ultrasonic imaging can be performed to
observe tissue ablation performed using another means, such
as electrosurgery, mechanical compression, extraction, laser,
or ultrasonic disruption and aspiration. Additionally, ultra-
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sound thermometry (i.e., measuring tissue temperature by
using ultrasonic imaging algorithms) could be used to obtain
continuous monitoring of a moving front of thermal change as
delivered by another heating means, such as laser energy via
a fiberoptic catheter or sound energy through focused ultra-
sound. It is also possible to deliver focused ultrasound across
the sonic window toward a target while monitoring diagnos-
tically or thermographically aside the energy means or even
integrated into the energy means.

It is also noted that a piezoelectric transducer can be posi-
tioned outside of the head overlying the sonic window. The
transducer can be directed at a subjacent tissue while moni-
toring with a diagnostic ultrasound probe. Such tissue sound
actuation may have unique therapeutic effects. These effects
can alter permeability to a chemotherapeutic drug across the
blood brain barrier. Alternatively, they can activate or sup-
press neural function in a scheme of neuromodulation.
Examples include the treatment of depression and other mood
disorders and facilitating rehabilitation post brain injury in
stroke.

It is further noted that a sonic window can be made of a
material that is substantially more transmissive of particular
light frequencies than the cranium. For example, near infrared
and visible red light density and scattering could be optimized
into a tissue for purposes of monitoring of pulsatile blood
flow and oxygen saturation. Alternatively, the therapeutic
effect of such light upon tissue reserves against oxidative
stress or upregulating mitochondrial energy production could
be enhanced through such a sonic window.

The invention claimed is:

1. A diagnostic or therapeutic ultrasonic method compris-
ing:

forming an opening through the cranium;

closing the opening with a sonic window made of a soni-

cally translucent material through which ultrasonic
waves can pass;

securing the sonic window to the cranium using a press fit

or by fusing it to the cranium such that no fasteners or
adhesives are used;

closing the scalp over the sonic window; and

transmitting ultrasonic waves into the brain through the

sonic window.

2. The method of claim 1, further comprising imaging the
brain using ultrasonic waves reflected from the brain.

3. The method of claim 1, wherein the ultrasonic waves are
focused waves and further comprising ablating target tissue
within the brain with the ultrasonic waves.

4. The method of claim 1, further comprising measuring
tissue temperature with the ultrasonic waves.

#* #* #* #* #*
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