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SYSTEMS AND METHODS FOR
ULTRASOUND PROBE GUIDANCE

BACKGROUND

[0001] Ultrasound imaging is an increasingly used tool for
medical screening and early detection of breast cancer, espe-
cially for patients with dense breast tissue. Ultrasound sys-
tems may include either a handheld probe or an automated
scanning system connected to an imaging system. These sys-
tems generate ultrasonic waves, which permeate the tissue of
apatient, and partially reflect back to the source. A transducer
then converts the reflected echo waves into electrical signals.
The imaging system uses the electrical signals to construct
images (e.g., two-dimensional or three-dimensional images. )
[0002] Handheld probes allow freeform movement, which
makes it easier for an operator to scan, for example, various
contours of a patient with the probe. However, because hand-
held probes have limited image reproduction capabilities,
handheld probes have been generally used for diagnosis, not
for screening,

[0003] Handheld probes also may rely on the skill of the
operator, thereby limiting screening capabilities. For
example, an unskilled practitioner may apply too much pres-
sure on the tissue with the probe, causing the tissue to deform
resulting in a distorted image. Conversely, not applying
enough pressure may result in sub-optimal image quality. As
another example, holding the probe at an oblique angle in
relation to the tissue may also degrade image quality.

[0004] Handheld probes do not conventionally collect
operational information that would allow an imaging system
to assist the operator. Additionally, due to the free form nature
of handheld systems, variations in image quality and incon-
sistent screenings may result from handheld imaging sys-
tems.

[0005] Automated whole-breast ultrasound systems are
known that provide screening capabilities. However, auto-
mated systems may be bulky and/or costly. For example,
some automated systems have a specially designed curved
ultrasound probe with special immobilizer material between
the tissue and the scan probe, which may be bulky. Other
automated systems provide limited scan area coverage. Other
systems provide no real-time feedback. Additionally, auto-
mated systems conventionally are not portable or easily por-
table. As such, automated systems are not a viable option for
medical practitioners in developing countries.

SUMMARY

[0006] Inaccordance withanembodiment, a probe guide is
provided that includes a body having at least one engagement
portion for coupling an ultrasound probe to the body. The
probe guide also includes at least one sensor configured to
communicate with an ultrasound imaging system, wherein
the at least one sensor is coupled to the body and configured
to determine at least one of,, a spatial position, an orientation,
a probe head movement speed, a temperature, or a contact
pressure the probe exerts on an object being scanned.

[0007] In accordance with another embodiment, an ultra-
sonic probe guide is provided that includes a body having at
least one opening sized or shaped to receive a head of a
transducer probe therein, wherein the body further includes
an engagement portion configured to couple the transducer
probe to the body with the head of the transducer extending
into the opening. The ultrasonic probe guide also includes at
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least one sensor coupled to the body, wherein the at least one
sensor is configured to communicate a spatial position, an
angular orientation, a sweep speed across an object, or a
contact pressure between the body and the object to an ultra-
sound imaging system. The ultrasonic probe guide further
includes at least one status indicator coupled to the body,
wherein the at least one status indicator is configured to
communicate with at least one of the sensor or the ultrasound
imaging system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is an illustration of a handheld ultrasound
probe coupled to a probe guide body in accordance with an
embodiment.

[0009] FIG. 2illustrates cross-sectional side views of guide
bodies in accordance with various embodiments.

[0010] FIG. 3 illustrates a perspective view of a guide body
configured with a raised flange in accordance with an
embodiment.

[0011] FIG. 4 illustrates a guide body assembly in accor-
dance with an embodiment.

[0012] FIG. 5 illustrates the guide body assembly coupled
to a probe head in accordance with an embodiment.

[0013] FIG. 6 illustrates a guide body having a sensor or
location marker removably secured thereto in accordance
with an embodiment.

[0014] FIG. 7 is an illustration of the probe guide body of
FIG. 1 in accordance with an embodiment.

[0015] FIG. 8isa flowchart of a method in accordance with
an embodiment.

DETAILED DESCRIPTION

[0016] The following detailed description of certain
embodiments will be better understood when read in conjunc-
tion with the appended drawings. To the extent that the figures
illustrate diagrams of the functional blocks of various
embodiments, the functional blocks are not necessarily
indicative of the division between hardware circuitry. Thus,
for example, one or more of the functional blocks (e.g., pro-
cessors or memories) may be implemented in a single piece of
hardware or multiple pieces of hardware. Similarly, the pro-
grams may be stand alone programs, may be incorporated as
subroutines in an operating system, may be functions in an
installed software package, and the like. It should be under-
stood that the various embodiments are not limited to the
arrangements and instrumentality shown in the drawings.
[0017] As used herein, an element or step recited in the
singular and proceeded with the word “a” or “an” should be
understood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore, refer-
ences to “one embodiment” are not intended to be interpreted
as excluding the existence of additional embodiments that
also incorporate the recited features. Moreover, unless explic-
itly stated to the contrary, embodiments “comprising” or
“having” an element or a plurality of elements having a par-
ticular property may include additional elements not having
that property.

[0018] In accordance with various embodiments, a probe
guide is provided, which may be used in conjunction with an
ultrasound imaging system. The imaging system may include
an ultrasound probe that allows for, for example, two-dimen-
sional (2D), three-dimensional (3D), or four-dimensional
(4D) imaging. The probe guide in various embodiments is
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operable to be coupled to the head of a handheld probe (e.g.,
allowing the handheld probe to be retrofitted). The imaging
system utilizes data from components of the probe guide and
the probe to acquire information about the object being
scanned (e.g., tissue of the patient). In addition, the probe
guide may communicate with the ultrasound imaging system
in order to provide guidance to an operator when scanning.
[0019] FIG. 1 is a perspective view of a handheld ultra-
sound probe 102 coupled to a probe guide having a probe
guide body 104 in accordance with an embodiment. The
ultrasound probe 102 is configured to interface with an ultra-
sound imaging system 106 through a communication link
108. Components of the guide body 104 interface with the
ultrasound imaging system 106 through a communication
link 110. The communication links 108 and 110 will be dis-
cussed in further detail below.

[0020] The probe guide body 104 in one embodiment is
configured to be removably coupled to the ultrasound probe
102. For example, in the illustrated embodiment, the probe
guide body 104 receives a probe head 114 (e.g., scanner head
orportion) such that the ultrasound probe 102 may be coupled
or decoupled to the guide body 104. As used herein, remov-
ably coupled generally refers to securing the guide 104 to the
probe 102 such that the guide 104 and the probe 102 move
together, thereby reducing or eliminating independent move-
ment between the guide body 104 and the probe 102. Further-
more, the guide body 104 may be decoupled from the probe
102 (e.g., without damaging the probe 102). Thus, in various
embodiments the probe guide body 104 is configured for
removable coupling to the ultrasound probe 102.

[0021] However, it should be appreciated that the configu-
rations are contemplated. For example, in various embodi-
ments the probe guide body 104 may be fixedly secured or
form part of the ultrasound probe 102 (e.g., forming an
extended surface/structure for an ultrasound probe head to
provide a guide for scan and to provide a platform to accom-
modate sensors and to achieve extended functions). Thus, in
some embodiments, the probe guide body 104 is not remov-
ably coupled to the ultrasound probe 102, and may be perma-
nently affixed thereto or form part of the probe (e.g., inte-
grated or forms a unitary construction with the ultrasound
probe 102). In some embodiments, the probe head of the
ultrasound probe 102 may be packaged with the probe guide
body 104.

[0022] The probe guide body 104 may include an engage-
ment portion 112, which may be sized and shaped to receive
a head of the probe 102 (identified as the probe head 114).
When coupled together, in one embodiment, the engagement
portion 112 provides a friction fit with the probe head 114.
However, other coupling arrangements may be used as
desired or needed.

[0023] The engagement portion 112 may be dimensioned
(e.g., sized and shaped) to couple the guide body 104 to the
probehead 114 in a fixed position or orientation relative to the
guide body 104. The engagement portion 112 in some
embodiments may be adjustable to receive probes heads of
different sizes or shapes. Optionally, securing mechanisms
(e.g., adhesives, putty, etc.) may be introduced between the
probe head 114 and engagement portion 112. In some
embodiments, additional securing means (e.g., screws,
anchors, etc.) may be used to secure the probe 102 to the guide
body 104.

[0024] In various embodiments, the body 104 may include
a flange along the perimeter of the at least one engagement
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portion 112. The flange aligns and secures the engagement
portion 112 to the probe head 114. The flange may be
included to increase the contact area between the engagement
portion 112 and the probe 102. The flange may encircle the
perimeter of the engagement portion 112. Alternatively, the
flange may only be present on one side of the engagement
portion 112. In other embodiments, the flange may be present
on two opposite sides of the engagement portion 112. It
should be noted that the flange may be of varying size or shape
as desired or needed. For example, the flange may be a rim,
ridge, or lip, among other structures, surrounding the engage-
ment portion 112.

[0025] FIG. 2 illustrates a cross sectional side view of dif-
ferent guide bodies in accordance with various embodiments.
The guide body 202 includes a flange 204, and the guide body
206 does not the flange 206. The guide body 202 includes a
flange 204 surrounding the perimeter of the engagement por-
tion 208. In the configuration with the guide body 206, the
guide body 206 may have a thickness dimensioned (e.g.,
sized and shaped) to receive and maintain therein the head of
the ultrasound probe 114 without the use of the flange 204.
For example, the guide body 206 may include sufficient inter-
nal structural material (e.g., thickness) to support the probe
102. The guide body 206 may have a uniform thickness as
shown in FIG. 2. Optionally, the thickness of the guide body
206 may vary based on the size of the guide body 206 or may
be thicker around the engagement portion (such as the
engagement portion 112 shown in FIG. 1).

[0026] FIG. 3 illustrates a perspective view of a guide body
302 configured with a raised flange 304 in accordance with an
embodiment. In this embodiment, the raised flange 304
defines a substantial portion of the guide body 302. The guide
body 302 includes the raised flange 304 along two opposite
sides of the engagement portion 306.

[0027] Inanotherembodiment, multiple probes 102 may be
coupled to a single guide body 104. For example, the guide
body in one or more embodiments may be configured with
one or more engagement portions 114 to allow the guide body
to couple to one or more probes 104, Each probe 104 may
engage a different engagement portion 114.

[0028] In other embodiments, the engagement portion 114
may be configured with an adapter plate (not shown) to allow
the engagement portion 114 to receive a probe having a
dimension not compatible with the engagement portion 114.
[0029] 1In another embodiment, one or more guide bodies
104 may be coupled to a probe 102 to form a guide body
assembly. For example, FIG. 4 illustrates an embodiment of a
guide body assembly. A guide body assembly in the illus-
trated embodiment includes two or more guide bodies 104
coupled to one another (illustrated in a stacked arrangement).
As shown in FIG. 4, the guide bodies 402 and 404 are joined
(which may be fixed or removably coupled) to form the guide
body assembly 406. The guide body 402 and guide body 404
may be the same or have different configurations, as well as be
the same or different than the guide body 104. The guide body
402 may be coupled to guide body 404 with a friction fit. For
example, the engagement portion 408 of guide body 402 may
be configured to align and friction fit with the engagement
portion (not shown) of the guide body 404. However, other
coupling arrangements may be used as desired or needed.
[0030] The guide bodies 402 and 404 may be selectively
arranged in the assembly 406 to combine or enhance the
capabilities sensing capabilities. As an example, the guide
body 404 may be configured with a pressure sensor, thus the
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guide body 404 may be placed below guide body 402 to allow
the pressure sensor to contact with the tissue of the patient. As
another example, the guide body 402 may include a line-of-
sight type location marker. In this example, the guide body
402 may occupy the upper portion of the assembly 406. Once
coupled to the guide body assembly 406, the head of the probe
102 may extend through the assembly 406. It should be noted
that in the various embodiments, the head of the probe may
extend partially or completely through a respective engage-
ment portion.

[0031] FIG. 5 illustrates the assembly 406 of FIG. 4
coupled to the probe head 102 in accordance with an embodi-
ment. In this embodiment, the guide bodies 402 and 404 form
the assembly 406, which couples to the probe head 102 and
maintains the position and orientation of the probe with
respect to the assembly 406. In another embodiment, the
guide body 402 and 404 may couple to the probehead 102 and
not to one another.

[0032] Turning now to the embodiment illustrated in FIG.
6, the guide body 104 may further be configured to removably
couple at least one device, such as a sensor to the guide body
104. FIG. 6 illustrates top and side views of a guide body 602
configured to removably couple a sensor thereto body in
accordance with an embodiment. In one embodiment, the
guide body 602 may include an aperture to receive a sensor.
For example, the guide body 602 may include openings 604,
606, 608 and 610 (or other types of mounting portions) to
receive sensors within the openings. The openings 604-610
may be selectively dimensioned (e.g., sized and shaped)
based on the type of sensor to be received in and/or coupled
thereto.

[0033] In some embodiments, the guide body 104 may
include a clamping structure 614 to receive and support a
sensor on the top of the body 104. For example, the guide
body 612 may include the clamping structure 614 to receive
and secure a sensor. The clamping structure 614 may be a
structure extending radially away from the guide body 612.
Optionally, the clamping structure 614 may create a bracket
in which the sensor may be received and provide a friction fit.
The clamping structure 614 may be selectively located on the
guide body 612 based on the type of sensor. For example, a
position sensor may require line-of-sight communication
with the imaging system 106, in which case, the clamping
structure 614 may position the sensor away from the probe
102.

[0034] The various embodiments of guide bodies or
engagement portions 112 may be formed of a material (e.g.,
plastic) to allow the body 104 or the engagement portion 112
to be sufficiently resilient in order to be repeatedly coupled
and decoupled to the probe 102 (e.g., without loss of elastic-
ity). In other embodiments, a rigid material may be used that
resists deformation under normal load while remaining light-
weight. Optionally, the guide body 104 may be made of the
same or different material as any of the other components. For
example, the engagement portion 112 may be made from an
elastomer, whereas the guide body 104 may be made from
plastic.

[0035] The guide body 104 in some embodiments may be
shaped for smooth movement or translation over the surface
of the patient. In one embodiment, the guide body 104 may
include a curved edge 116 along at least two opposite sides.
As another one embodiment, the curved edge 116 extends
along or around the perimeter of the guide body 104. The
radius of curvature of the curved edge 116 may be based, for
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example, on the dimensions of the body 104, the particular
application, the type of probe, etc. For example, a body 104
having a thickness of 3 centimeters may have a radius of
curvature of 2 centimeters (e.g. rounded). However, different
dimensions may be used as desired or needed. As another
example, a body 104 having a thickness of 1 centimeter may
have a radius of curvature of 0.5 centimeter (e.g., generally
blunt edge).

[0036] The guide body 104 may be provided in different
shapes. In one embodiment, the guide body 104 is in a planar
formand symmetric. For example, the guide body 104 may be
circular, elliptical, or quadrilateral. In one embodiment, the
guide body 104 may be circular measuring 5 centimeters in
length from an outside edge of the probe 102 and 1 centimeter
thick. However, different dimensions may be used as desired
or needed. For example, for a breast scan application, the
guide body dimensions may be sized (e.g., <10 cm) to ensure
contact with curved breast surface. In various embodiments,
the guide body 104 is sized and shaped to ensure good
mechanical stability and ergonomic operation. For example,
in some embodiments, the guide body 104 has a length and/or
width that is less than about 10 centimeters from an outside
edge of the probe.

[0037] The guide body 104 in various embodiments
includes a laminar surface 118 substantially perpendicular to
the probe head 114. The perpendicular relationship between
the surface 118 and the probe 104 encourages and/or main-
tains the probe head 114 perpendicular to the surface of the
subject. Because the laminar surface 118 of the guide body
104 is perpendicular to the probe head 114, and generally
parallel to the surface of the breast tissue, the guide body 104
keeps the probe head 114 perpendicular to the surface of the
breast tissue. By practicing various embodiments, which may
include maintaining the probe 102 in a perpendicular orien-
tation in relation to the subject, enhanced image quality may
be provided. For example, in one embodiment the guide body
104 may be used in conjunction with an ultrasound imaging
system to support ultrasonic examination of breast tissue.
Maintaining the probe 102 in a perpendicular orientation with
respect to the breast tissue may reduce scan artifacts from
reflections and refraction, and may further increase the vol-
ume of coverage. Thus, the probe guide 104 facilitates an
operator orienting the probe 102 to enhance the image quality.
[0038] Various embodiments of the probe guide may
include different elements or components for facilitating
alignment and use, for example, as shown in FIG. 7, with
respect to the probe guide body 104. The guide body 104 may
include at least one position marker 702 integrated within or
coupled with the guide body 104. The position marker 702
provides a spatial reference point. The position marker 702
may be, for example, any optical or electromagnetically dis-
tinguishing feature as is known in the art. For example, the
position marker 702 may be a dot or a series of dots (e.g.
permanent dot marks). As another example, the position
marker 702 may be a pattern of marks such as a grid or a dot
array. As another example, the position marker 702 may be a
bar code or quick response (QR) code. As another example,
the position marker 702 may be a magnet. As another
example, the position marker 702 may be infrared reflective
material. As another example, the position marker 702 may be
a radio frequency identification (RFID) tag.

[0039] The position marker 702 allows the imaging system
106 to determine the position of the guide body 104 in relation
to a predetermined reference point. The imaging system 106
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determines the position of the guide body 104, for example,
by measuring the displacement of the position marker 702 in
three dimensions relative to the predetermined reference
point. For example, the predetermined reference point may be
the intersection of a first and a second edge of an imaging
platform. In this example, the imaging system 106 may use
the position marker to calculate the longitudinal position of
the guide body 104 in relation to the first edge and the lateral
position of the guide body 104 in relation to the second edge
of the imaging platform. Accordingly, the imaging system
106 may use the position marker 702 to determine the height
of the guide body 104 above the surface of the imaging
platform. Thus, the position marker 702 allows an imaging
system 106 to determine the location of the guide body 104 in
three dimensions relative to the reference point. For example,
U.S. Pat. No. 6,338,716 describes one method that may be
used to determine the spatial orientation and location of ultra-
sound probes using reference points.

[0040] In another embodiment, the position marker 702
may communicate with another medical diagnostic system
(e.g., remote from the ultrasound system or imaging system
106). For example, the position marker 702 may communi-
cate with an IR tracking system. The position marker 702 may
also communicate with one or more imaging systems concut-
rently. For example, the position marker 702 may communi-
cate with the imaging system 106 and an IR tracking system
concurrently. The imaging system 106 may then correlate
data from the IR tracking system with the image data.
[0041] The position marker 702 may be selectively posi-
tioned on the guide body 104 so that the location of the
position marker 702 may be representative of the location of
the probe 102. For example, the position marker 702 may be
located near the engagement portion 112. Optionally, the
position marker 702 may be positioned to avoid obstruction
by the guide body 104 or the probe 102. For example, the
position marker 702 may be located on an outer edge to allow
line-of-sight type optical systems to detect the position
marker. It should be appreciated that the body 104 may con-
tain more than one position marker and the position marker
702 may be of the same or different types.

[0042] In another embodiment, the guide body 104 may
include at least one sensor 704 coupled thereto. The sensor
704 senses the physical or operational state of guide body
104. Because the guide body 104 and the probe 102 move
together when coupled to one another, operating characteris-
tics, conditions, or physical state information from the sensor
704 may be representative of the operation of the probe 102.
The physical state sensed by the sensor 704 may include at
least one of an angular orientation, a spatial position, a probe
head 114 movement speed, a contact pressure, or a tempera-
ture.

[0043] The angular orientation may include the angular
orientation of the guide body 104 about a single or multiple
axes. For example, the Euler angles in relation to the plane of
the guide body 104 may represent the angular orientation.
The spatial position may be at least one of the lateral, the
longitudinal, or the vertical position of the guide body 104.
Any technology as is used in the art may sense the spatial and
angular orientation. For example, the sensor 704 may be an
accelerometer, a gyroscope, or MEMS, among other sensors.
[0044] The probe head movement speed represents the
speed of movement of the probe head 114 in relation to the
subject. The probe head movement speed may be sensed
using infrared or a similar sensor as is known in the art.
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Optionally, the imaging system 106 may calculate the probe
head movement speed by tracking the speed of the movement
of the guide body 104 relative to an imaging platform.

[0045] The contact pressure represents the force applied by
the guide body 104 onto the subject. The contact pressure may
be at least one of a normal, a torsional, a rotational, a com-
pressional, or a shear force applied by the pressure to the
tissue. For example, the sensor 704 may be a strain gauge
configured to measure the normal force applied by pressure to
the surface of the tissue.

[0046] In another embodiment, the sensor 704 may be a
temperature sensor. The temperature sensor may be config-
ured to sense the temperature of the surface of the tissue.
Alternatively or optionally, the temperature sensor may be
configured to sense the temperature of the ambient environ-
ment. Alternatively or optionally, the temperature sensor may
be configured to sense the temperature of the probe head 102.

[0047] It should be appreciated that the guide body 104
may be configured with more than one sensor or sensor type
(such as multiple sensors of the same or different type). Fur-
thermore, the sensors may be placed at select locations on the
body 104 to provide a defined or needed sensor accuracy.

[0048] In another embodiment, the guide body 104 include
at least one status indicator 706 (e.g., coupled thereto). The
status indicator 706 may provide feedback with visual or
aural cues to the operator. For example, the status indicator
706 may be a speaker. As another example, the status indica-
tor 706 may be a light. As another example, the status indi-
cator 706 may be a display. The status indicator 706 may
interact with the one or more sensors 704 to provide feedback
based on at least one of a select pressure level, a probe head
114 movement speed, a gel status, a wireless connection
status, or a temperature, as described in more detail herein.

[0049] Alternatively or optionally, the status indicator 706
may provide feedback based on information received from
the imaging system 106. For example, the imaging system
106 may wirelessly communicate with the status indicator
through a communication module 710. The imaging system
106 may then instruct or control the status indicator 706 to
provide, for example, an aural cue when the operator applies
a pressure greater than 0.5 N. As another example, when the
imaging system 106 determines the applied pressure exceeds
a predetermined threshold, the imaging system 106 may
instruct or control the status indicator 706 to illuminate a light
emitting diode. As another example, the imaging system 106
may communicate with the status indicator 706 to provide
directional guidance to recreate a previously performed scan
(e.g., using stored scan coordinates and probe location infor-
mation). Furthermore, the status indicator 706 may commu-
nicate with another medical diagnostic system. For example,
the status indicator 706 may communicate with the imaging
system 106 and an IR mapping system concurrently.

[0050] In another embodiment, the status indicator 706
may communicate with components onboard the body 104 in
addition to the medical imaging system 106. For example, the
status indicator 706 may be embodied as a liquid crystal
display and may be configured to display the temperature
provided by the sensor 704. When configured as a display, the
indicator 706 may also show the status of the communication
link 110. As another example, the status indicator 706 be
embodied as an audible device or tactile device, and may be
configured to provide a warning when the acoustic fluid quan-
tity in the gel dispenser 708 reaches a predetermined level.
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[0051] Inoneembodiment, the guide body 104 may include
a gel dispenser 708 that may provide automatic gel dispens-
ing. In various embodiments, automatic application of an
acoustic fluid (e.g., ultrasound gel) streamlines operator
workflow and enhances efficiency. The gel dispenser 708
introduces acoustic between the guide body 104 and the
object being scanned (e.g., tissue). It should be noted that the
gel dispenser 708 may be embodied as a recess or channel
along the surface ofthe body 104 on the side that contacts the
tissue (e.g., the bottom), thus allowing the distribution of
acoustic fluid between the tissue and the guide body 104. For
example, the channel may extend around the perimeter of the
body 104 and terminate at an aperture. The aperture may
extend to the top of the body 104 where acoustic fluid may be
introduced. The acoustic fluid then travels through the body
104 to fill the channel.

[0052] In another embodiment, the gel dispenser 708 may
be configured to automatically dispense acoustic fluid based
upon sensor readings. For example, the gel dispenser 708 may
be configured to automatically dispense acoustic fluid based
on a predetermined scan speed. Alternatively or optionally,
the gel dispenser 708 may be configured to automatically
dispense a predetermined amount of acoustic fluid based on
temperature. Alternatively or optionally, the imaging system
106 may determine when to apply to apply the acoustic fluid.

[0053] Thecommunication module 710 in various embodi-
ments exchanges information between the body 104 and the
imaging system 106. The body 104 may be configured with
communication lines, illustrated as wiring 712 connecting the
communication module 710 with at least one of the sensor(s)
704, the status indicator 706, or the gel dispenser 708. In one
embodiment, the communication module 710 exchanges
information between the sensor 704 and the status indicator
706. The communication module 710 may exchange infor-
mation between the sensor 704 and the imaging system 106.
In some embodiments, the communication module 710 may
exchange information between a status indicator 706 and the
imaging system 106. For example, the communication mod-
ule 710 may transmit position data sensed by the sensor 704
to the imaging system 106. As another example, the commu-
nication module 710 may transmit orientation, data sensed by
the sensor 704 to the imaging system 106. As another
example, the communication module 710 may transmit probe
head 114 movement speed sensed by the sensor 704 to the
imaging system 106. As another example, the communication
module 710 may transmit the pressure applied by an operator
sensed by the sensor 704 to the imaging system 106. As
another example, the communication module 710 may trans-
mit information received from the imaging system 106 to the
status indicator 706. As another example, the communication
module 710 may transmit instructions received from the
imaging system 106 to the gel dispenser 708.

[0054] The communication module 710 may establish a
communication link 110 with the imaging system 106.
Optionally or alternatively, the communication module 710
may establish a communication link with another medical
diagnostic system. Optionally or alternatively, the communi-
cation module 710 may establish a communication link 110
with multiple imaging systems 106 concurrently. For
example, the sensor 704 configured as a pressure sensor may
communicate with a medical imaging 106 system while
another sensor 704 configured as a temperature sensor com-
municates with the gel dispenser 708. In another embodi-
ment, the communication module 710 may be integrated with
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other test modalities. For example, the communication mod-
ule 710 may interact with an electrical impedance tomogra-
phy (EIT) imaging system. As another example, the commu-
nication module 710 may interact with a photo-acoustic
tomography (PAT) imaging system. As another example, one
or more features or components (e.g., an interface) may be
provided for other test modalities, for example, to position an
array of optical fibers for photo-acoustic imaging. The optical
fibers may be physically coupled to the probe guide and
operate with the ultrasound probe to obtain photo-acoustic
imaging for the object under scan.

[0055] The communication module 710 may be configured
with transceivers as is known in the art. The communication
link 110 may be a wired or a wireless link. For example, the
wireless connection may be one of, RF, WiFi, Zigbee, Blue-
tooth, IR, and the like. In another embodiment, the commu-
nication link 110 may be a wired connection to the imaging
system 106. The wired connection 110 may employ a sepa-
rate wire than used to connect the handheld probe 102 to the
imaging system 108.

[0056] FIG. 8 is a flowchart illustrating a method 800 in
accordance with various embodiments. The method 800, for
example, may employ structures or aspects of various
embodiments (e.g., systems and/or methods) discussed
herein. In various embodiments, certain steps may be omitted
oradded, certain steps may be combined, certain steps may be
performed simultaneously, certain steps may be performed
concurrently, certain steps may be split into multiple steps,
certain steps may be performed in a different order, or certain
steps or series of steps may be re-performed in an iterative
fashion. In various embodiments, portions, aspects, and/or
variations of the methods may be able to be used as one or
more algorithms to direct hardware to perform operations
described herein.

[0057] Themethod 800 includes at 802, coupling the guide
body 104 to probe head 114. The probe head 114 is aligned
and is secured into the engagement portion 112 of the guide
body 104. Once coupled, the probe head 114 extends through
the guide body 104 in some embodiments. Optionally, addi-
tional securing means may be used to couple the guide body
104 to the ultrasound probe 102 as described herein.

[0058] At 804, the imaging system performs an alignment
to calibrate the location of the guide body 104 in relation to
the ambient environment. The calibration process spatially
correlates position and angular orientation data from the posi-
tion marker 702 and the one or more sensors 704 with prede-
termined correlation values. The calibration technique may
be any orientation resolution technique as is known in the art.
For example, the imaging system 106 may instruct the opera-
tor (e.g., provide a notification on the status indicator 706) to
trace a predetermined path.

[0059] At 806, the imaging system 106 instructs the status
indicator 706 to indicate a ready state. The ready state indi-
cationinforms the operator that the system is ready to perform
a scan. For example, the status indicator 706 may be config-
ured with an audible device, which sounds when the imaging
system 106 indicates a ready state. As another example, the
status indicator 706 may be configured as a display, which
provides a visual notification when the imaging system 106
indicates a ready state.

[0060] Whilea scan is in progress, the imaging system 106
collects data from the one or more sensors 704. For example,
the imaging system may continuously monitor at least one of
the position, orientation, or pressure readings from the sensor
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(s) 704 while capturing image data and providing feedback to
the operator with lights or sounds through the status indicator
706. The imaging system 106 may temporally and spatially
correlate data from the sensor 704 with an ultrasound image
generated from image data acquired by the ultrasound probe
102. Correlating data from sensors allows the imaging system
106 to determine whether coverage is complete for a given
test area. If for example, when data from the sensor 704
exceeds predetermined threshold levels, the imaging system
106 determines that scan coverage is incomplete at that loca-
tion. For example, if the sensor 304 indicates the applied
pressure exceeds 0.5 N while scanning a select region of
tissue, then the imaging system 106 determines coverage to
be incomplete at that region. Optionally, when the imaging
system 106 indicates coverage to be incomplete, the imaging
system 106 may instruct the status indicator 706 to provide
feedback to the operator. For example, the status indicator
706 may provide an aural cue when the applied pressure
exceeds 0.5 N.

[0061] At 808, the imaging system determines whether
coverage is complete. If coverage is incomplete, then at 8§12,
the imaging system instructs the status indicator 706 to pro-
vide indication of incomplete coverage. The operator may
then decide to rescan the select region of incomplete cover-
age. At 808, if a determination is made that scan coverage is
complete, at 810, the probe guide body 104 is decoupled from
the probe 102.

[0062] In various embodiments, the sensor data (position/
orientation) may be used with ultrasound image data to form
3D (more accurate) images of the object under scan, which
may help with disease identification and be used for problem
tracking in future disease treatment workflow. In various
embodiments, the sensor data may be used for scan quality
control. For example, the data may be reported together with
the image data to validate the scan operation, which can be
beneficial to patients. In some embodiments, the sensor data
may be used to qualify whether the scan operation, and
accordingly the ultrasound images, are acceptable (e.g., pro-
vide acceptable diagnostic information or meet an acceptable
image level).

[0063] Thus, various embodiments provide a probe guide
to facilitate scanning or screening using an ultrasound probe.

[0064] Itshould be noted that different processing elements
or memory devices or storage may be provided in connection
with the various embodiments.

[0065] Italsoshould be noted that the various embodiments
may be implemented in hardware, software or a combination
thereof. The various embodiments and/or components, for
example, the circuits, or components and controllers therein,
also may be implemented as part of one or more computers or
processors. The computer or processor may include a com-
puting device, an input device, a display unit, and an interface,
for example, for accessing the Internet. The computer or
processor may include a microprocessor. The microprocessor
may be connected to a communication bus. The computer or
processor may also include a memory. The memory may
include Random Access Memory (RAM) and Read Only
Memory (ROM). The computer or processor further may
include a storage device, which may be a hard disk drive or a
removable storage drive such as a solid-state drive, optical
disk drive, and the like. The storage device may also be other
similar means for loading computer programs or other
instructions into the computer or processor.
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[0066] As used herein, the term “computer” or “circuit”
may include any processor-based or microprocessor-based
system including systems using microcontrollers, reduced
instruction set computers (RISC), SISCs (e.g., ARM proces-
sors), ASICs, logic circuits, and any other circuit or processor
capable of executing the functions described herein. The
above examples are exemplary only, and are thus not intended
to limit in any way the definition and/or meaning of the term
“computer.”’

[0067] Thecomputer or processor executes a set of instruc-
tions that are stored in one or more storage elements, in order
to process input data. The storage elements may also store
data or other information as desired or needed. The storage
element may be in the form of an information source or a
physical memory element within a processing machine.

[0068] The set of instructions may include various com-
mands that instruct the computer or processor as a processing
machine to perform specific operations such as the methods
and processes of the various embodiments. The set of instruc-
tions may be in the form of a software program. The software
may be in various forms such as system software or applica-
tion software and which may be embodied as a tangible and
non-transitory computer readable medium. Further, the soft-
ware may be in the form of a collection of separate programs
or circuits, a program circuit within a larger program or a
portion of a program circuit. The software also may include
modular programming in the form of object-oriented pro-
gramming. The processing of input data by the processing
machine may be in response to operator commands, or in
response to results of previous processing, or in response to a
request made by another processing machine.

[0069] As used herein, the terms “software” and “firm-
ware” are interchangeable, and include any computer pro-
gram stored in memory for execution by a computer, includ-
ing RAM memory, ROM memory, EPROM memory,
EEPROM memory, and non-volatile RAM (NVRAM)
memory. The above memory types are exemplary only, and
are thus not limiting as to the types of memory usable for
storage of a computer program.

[0070] It is to be understood that the above description is
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular situa-
tion or material to the teachings of the various embodiments
without departing from their scope. While the dimensions and
types of materials described herein are intended to define the
parameters of the various embodiments, they are by no means
limiting and are merely exemplary. Many other embodiments
will be apparent to those of skill in the art upon reviewing the
above description. The scope of the various embodiments
should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents to
which such claims are entitled. In the appended claims, the
terms “including” and “in which” are used as the plain-En-
glish equivalents of the respective terms “comprising” and
“wherein.” Moreover, in the following claims, the terms
“first,” “second,” and “third,” etc. are used merely as labels,
and are not intended to impose numerical requirements on
their objects. Further, the limitations of the following claims
are not written in means-plus-function format and are not
intended to be interpreted based on 35 U.S.C. §112, para-



US 2015/0223772 Al

graph f, unless and until such claim limitations expressly use
the phrase “means for” followed by a statement of function
void of further structure.

[0071] This written description uses examples to disclose
the various embodiments to enable any person skilled in the
art to practice the various embodiments, including making
and using any devices or systems and performing any incor-
porated methods. The patentable scope of the various
embodiments is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if
the examples have structural elements that do not differ from
the literal language of the claims, or the examples include
equivalent structural elements with insubstantial differences
from the literal languages of the claims.

What is claimed is:

1. An ultrasound probe guide comprising:

abody having at least one engagement portion for coupling

an ultrasound probe to the body; and

at least one sensor configured to communicate with an

ultrasound imaging system, the at least one sensor
coupled to the body and configured to determine at least
one of a spatial position, an orientation, a probe head
movement speed, a temperature, or a contact pressure
the probe exerts on an object being scanned.

2. The ultrasound probe guide of claim 1, further compris-
ing at least one status indicator coupled to the body and
configured to communicate with at least one of the sensors or
the imaging system.

3. The ultrasound probe guide of claim 2, wherein the at
least one status indicator further comprises of at least one of
an aural or visual device.

4. The ultrasound probe guide of claim 1, wherein the at
least one sensor is further configured to wirelessly commu-
nicate with the ultrasound imaging system.

5. The ultrasound probe guide of claim 1, further compris-
ing at least one status indicator coupled to the body, the at
least one status indicator configured to wirelessly communi-
cate with the at least one sensor or the ultrasound imaging
system.

6. The ultrasound probe guide of claim 1, further compris-
ing at least one position marker integrated within the body
and arranged to provide a spatial reference point to the ultra-
sound imaging system.

7. The ultrasound probe body of claim 1, further compris-
ing a gel dispenser having at least one of an opening or a
channel to dispense an acoustic fluid between a head of the
ultrasound probe and the object.

8. The ultrasound probe guide of claim 1, wherein the body
is planar, and having curved edges along at least two opposite
sides.

9. The ultrasound probe guide of claim 1, wherein the body
has a length less than about 10 centimeters from an outside
edge of the probe.

10. The ultrasound probe guide of claim 1, wherein the
ultrasound imaging system is configured to temporally and
spatially correlate data from the at least one sensor with an
image generated by the ultrasound imaging system.

11. The ultrasound probe guide of claim 1, wherein the at
least one sensor communicates with another medical diag-
nostic system.

12. The ultrasound probe guide of claim 1, wherein the at
least one sensor is removably coupled to the body.
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13. The ultrasound probe guide of claim 1, wherein the
body comprises at least one configured to position an array of
optical fibers for photo-acoustic imaging.

14. The ultrasound probe guide of claim 1, wherein the
body includes at least one flange along a perimeter of the at
least one engagement portion.

15. The ultrasound probe guide of claim 14 wherein the
flange defines the thickness of the probe body.

16. The ultrasound probe guide of claim 1, wherein the
body has a thickness dimensioned to receive and maintain
therein a head of the ultrasound probe.

17. The ultrasound probe guide of claim 1, wherein the
engagement portion is configured for removable coupling to
the ultrasound probe.

18. The ultrasound probe guide of claim 1, wherein the
engagement portion is configured to fixedly couple to the
ultrasound probe.

19. An ultrasonic probe guide comprising:

a body having at least one opening sized or shaped to
receive a head of a transducer probe therein, the body
further including an engagement portion configured to
couple the transducer probe to the body with the head of
the transducer extending into the opening; and

at least one sensor coupled to the body, the at least one
sensor configured to communicate at least one of a spa-
tial position, an angular orientation, a sweep speed
across an object, or a contact pressure between the body
and an object being scanned, to an ultrasound imaging
system.

20. The ultrasonic probe guide of claim 19, further com-
prising at least one status indicator coupled to the body, the at
least one status indicator configured to communicate with the
at least one sensor or the ultrasound imaging system.

21. The ultrasonic probe guide of claim 20, wherein the at
least one status indicator communicates wirelessly with the
ultrasound imaging system.

22. The ultrasonic probe guide of claim 19, wherein the at
least one sensor is configured to communicate wirelessly with
the ultrasound imaging system.

23. The ultrasound probe guide of claim 19, wherein the
engagement portion is configured for removable coupling to
the ultrasound probe.

24. The ultrasound probe guide of claim 19, wherein the
engagement portion is configured to fixedly couple to the
ultrasound probe.

25. A method comprising:

configuring an ultrasonic probe guide to be coupled with a
handheld ultrasound probe, the ultrasonic probe guide
having a body and maintaining a fixed position of a
probe coupled thereto with the body;

providing at least one of a sensor, a position marker or a
status indicator coupled with the body of the ultrasonic
probe guide, the sensor, the position marker or the status
indicator configured to communicate with an ultrasound
imaging system; and

configuring the sensor, the position marker or the status
indicator to provide status or guidance information at the
probe.

26. The method of claim 25, wherein configuring the sen-
sor, the position marker or the status indicator to provide
status or guidance information comprises configuring the
sensor, the position marker or the status indicator to provide
feedback with aural or visual notifications.
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27. The method of claim 25, further comprising providing
the body of the ultrasonic probe guide as a planar member
having curved edges along at least two opposite sides.

28. The method of claim 25, further comprising acquiring
ultrasound imaging data with the probe and using data from
the at least one sensor with the ultrasound imaging data to
form a three-dimensional image of an object being scanned
by the probe.

29. The method of claim 25, further comprising acquiring
data from the at least one sensor and using the data to qualify
whether a scan operation of an object by the probe and ultra-
sound images generated from the scan operation meet an
acceptable image level.

30. The method of claim 25, wherein configuring the ultra-
sonic probe guide to be coupled with a handheld ultrasound
probe comprises configuring the ultrasonic probe guide to be
removably coupled with the handheld ultrasound probe.

31. The method of claim 25, wherein configuring the ultra-
sonic probe guide to be coupled with a handheld ultrasound
probe comprises configuring the ultrasonic probe guide to be
fixedly coupled with the handheld ultrasound probe.
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