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ULTRASOUND IMAGING SYSTEM WITH
AUTOMATIC IMAGE SAVING

TECHNICAL FIELD

[0001] The disclosed technology relates to ultrasound
imaging systems, and in particular to systems for improving
workflow within clinical settings using ultrasound imaging
systems.

BACKGROUND

[0002] Inultrasound imaging, an operator of a system uses
a transducer probe to obtain ultrasound images of a patient
during an examination. The images captured by the system
may be viewed, printed, and/or included in a patient report
for diagnosis and record keeping. In addition, select images
may be included in a written and/or electronic report that is
used to bill the patient or their insurance for the services
rendered. Depending on the examination procedure being
performed, the number and subject of the images required in
a report of the examination may be standardized or defined.
For example, a needle injection procedure, such as an
ultrasound-guided regional anesthesia injection, may require
an image of the needle at a target location, an image of the
needle during the injection, etc.

[0003] In a typical single operator examination, a physi-
cian or an ultrasound technician uses the imaging system to
obtain all the images needed to complete the examination.
However, during some needle procedures, where the care
provider cannot stop mid procedure or has no free hands to
control the system, a second person may assist in controlling
the system settings and collecting the needed images during
the procedure. The obtained images are typically stored in a
buffer memory and must be reviewed after the examination
is complete to mark or otherwise identify images to be used
in creating a record of the examination. Often, clinicians
collect a loop of images (“clip”) and review the loop after
the examination is complete to select images to be used in
creating a record of the examination. This additional step
requires extra time. If single images are collected instead of
a loop, it can be difficult for the operator to know at the time
of the procedure whether the required images of the exami-
nation have been captured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a simplified illustration of an ultrasound
imaging system in accordance with an embodiment of the
present technology.

[0005] FIG.2 is a block diagram of the ultrasound imaging
system shown in FIG. 1 in accordance with an embodiment
of the present technology.

[0006] FIG. 3 is a flow diagram of a method or process of
identifying image frames stored in a buffer memory that
depict an injection event in accordance with an embodiment
of the present technology.

[0007] FIG. 4 is a flow diagram of a method or process of
identifying image frames stored in a buffer memory that
depict an injection event in accordance with another
embodiment of the present technology.

DETAILED DESCRIPTION

[0008] Specific details of several embodiments of ultra-
sound systems for automatically saving ultrasound images
generated during an ultrasound imaging procedure using an
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interventional device, and associated devices and methods,
are described below reference to FIGS. 1-4. In some
embodiments, for example, an ultrasound imaging system
includes a transducer configured to transmit ultrasound
signals to and receive ultrasound signals from a region of
interest during an ultrasound-guided needle injection proce-
dure. The ultrasound imaging system further includes
receive circuitry configured to convert the received ultra-
sound signals into image frames of ultrasound data, and a
buffer memory in which the image frames are stored. The
ultrasound imaging system also includes a processor con-
figured to analyze the image frames stored in the buffer
memory and identify and mark one or more of the image
frames that depict an event of the needle injection proce-
dure—for example, the delivery of a fluid from the needle
used during the procedure. In some embodiments, the pro-
cessor can further be configured to save the image frames
depicting the injection event in a memory—other than the
buffer memory—for archival purposes.

[0009] Although many of the embodiments described
below are described with respect to devices, systems, and
methods for automatically saving an ultrasound image dur-
ing a needle injection procedure in which a needle is used to
deliver anesthesia or other drugs to a desired location, other
applications and other embodiments in addition to those
described herein are within the scope of the present tech-
nology. For example, at least some embodiments of the
present technology may be useful for procedures employing
other invasive medical instruments. It should be noted that
other embodiments in addition to those disclosed herein are
within the scope of the present technology.

[0010] Further, embodiments of the present technology
can have different configurations, components, and/or pro-
cedures than those shown or described herein. Moreover, a
person of ordinary skill in the art will understand that
embodiments of the present technology can have configu-
rations, components, and/or procedures in addition to those
shown or described herein and that these and other embodi-
ments can be without several of the configurations, compo-
nents, and/or procedures shown or described herein without
deviating from the present technology. The phrases “in some
embodiments,” “according to some embodiments,” “in cer-
tain embodiments,” “in the illustrated embodiment,” “in
other embodiments,” and the like generally mean the par-
ticular feature, structure, or characteristic following the
phrase is included in at least one implementation of the
present technology, and may be included in more than one
implementation. In addition, such phrases do not necessarily
refer to the same embodiments or different embodiments.
[0011] The terminology used below is to be interpreted in
its broadest reasonable manner, even though it is being used
in conjunction with a detailed description of certain
examples of embodiments of the technology. Indeed, certain
terms may even be emphasized below; however, any termi-
nology intended to be interpreted in any restricted manner
will be overtly and specifically defined as such in this
Detailed Description section.

[0012] FIG. 1 shows a representative ultrasound imaging
system 100 (“system 100”) that implements the present
technology for imaging the tissue of a subject or patient 1.
In one embodiment, the system 100 can be a hand-held,
portable or cart-based system that uses a transducer probe
102 to transmit ultrasound signals into a region of interest
and to receive the corresponding echo signals in order to
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produce an image of the tissue being scanned. The trans-
ducer probe 102 can be a one or two dimensional linear or
curved transducer, a phased array transducer, or another type
of ultrasound transducer as is well known in the art. The
system 100 converts characteristics of the received echo
signals (e.g., their amplitude, phase, power, frequency shift,
etc.) into data that is quantified and displayed for the user as
an image on a video monitor, screen, or other display 104
(“display 104”). As described in detail below, the images
created may also be stored electronically for digital record
keeping or transmitted via a wired or wireless communica-
tion link to another device or location.

[0013] In some embodiments, the system 100 can be used
during a needle injection procedure in which an operator of
the system 100 guides an interventional instrument such as
aneedle 3 into the patient 1 with one hand while holding the
transducer probe 102 with the other hand. In certain embodi-
ments, the operator can view a composite image 106 of the
tissue and a representation 107 of where the needle 3 is
located in the tissue. The composite image 106 can be
updated on the display 104 while the needle 3 is guided to
a target location within the patient 1. The target location may
be a particular nerve site (e.g., when the needle injection
procedure is a regional anesthesia procedure) or other area
of interest such as a vessel or a particular organ (e.g., uterus,
prostate, tumor, heart vessel etc.). In some embodiments,
both the needle 3 and an injectate (e.g., a drug) delivered via
the needle 3 can be seen in the composite image 106. For
example, if the injection is made in a place with low
resistance (e.g., appearing dark in the composite image 106),
the injectate can fill the space such that characteristic fluid
motion is visible in the composite image 106. In some
embodiments, a material removed by the needle 3 (e.g.,
during a biopsy procedure) can be seen in the composite
image 106.

[0014] FIG. 2 is a simplified block diagram of the system
100 configured in accordance with an embodiment of the
present technology. As will be appreciated by those skilled
in the art, the system 100 may be constructed with compo-
nents that are different than those shown in FIG. 2. In
addition, the system 100 can include components that are not
discussed (e.g., a power supply, etc.) and that are not
necessary for the understanding of how to make and use the
present technology.

[0015] In the illustrated embodiment, the transducer probe
102 is connected to a high voltage multiplexer/de-multi-
plexer (HV mux/demux) 208 that is used select individual or
groups of transducer elements in the transducer probe 102.
Signals to be transmitted by the transducer probe 102 are
generated by a transmit (TX) beamformer 210 that adjusts
the timing of the signals in order to direct the signals in a
particular direction and to focus the signals at a particular
depth in the tissue. Alternatively, unfocused (plane) waves
can be transmitted by the transducer probe 102. Signals from
the TX beamformer 210 are amplified by one or more
high-voltage amplifiers (HV amps) 212 before being applied
to the HV mux/demux 208 and the transducer probe 102. In
other embodiments, however, signals from the TX beam-
former 210 can be passed to the transducer probe 102
directly without an intervening multiplexer/demultiplexer.
[0016] A transmit/receive (I/R) switch 214 operates to
disconnect the receive electronics of the system 100 from
the transducer probe 102 when the higher powered transmit
pulses are being transmitted. The T/R switch 214 is closed
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when the system 100 is to detect the returning echo signals.
Signals received by the T/R switch 214 are amplified by
low-noise receive amplifiers (RX amps) 216 that implement
a gain function that typically varies according to the depth
from which the echo signals originate. Where the system
100 is a directional ultrasound system, the outputs of the RX
amps 216 feed a receive (RX) beamformer 218 that delays
and sums the amplified received echo signals. In some
embodiments, the analog received signals are converted to
corresponding digital signals, after amplification, with a
number of analog to digital converters (not shown) that are
positioned in the signal path between the RX amps 216 and
the RX beamformer 218.

[0017] In some embodiments, a system processor 220,
which can be implemented as one or more programmed
microprocessors, is configured to execute program instruc-
tions that are stored in an internal or external computer
readable memory (not shown) to control the operation of the
system 100. As further illustrated in FIG. 2, beamformed
ultrasound signals produced by the RX beamformer 218 are
delivered to an image processor 222. The image processor
222, which may include one or more general purpose
microprocessors (including the system processor 220), one
or more digital signal processors (DSP), one or more graph-
ics processor units (GPU), application-specific integrated
circuits (ASIC) or the like, converts the raw, beamformed
signals into a two-dimensional image frame of pixel data
that can be stored in memory and shown to the operator on
the display 104.

[0018] Theimage frames produced by the image processor
222 are stored in a buffer memory 224 (also known as a cine
buffer), which in one embodiment is operated as a circular
buffer of memory elements that stores a select number of
image frames as they are produced during an ultrasound
imaging procedure using the system 100. The image frames
can be captured using either a retrospective or prospective
capture mode, as is known in the art. In one embodiment, the
buffer memory 224 can store 2-5 minutes of data or 3600-
9000 image frames of ultrasound data or more. In one
embodiment, once the buffer memory 224 is full, the oldest
image frame stored in the buffer memory 224 is overwritten
with a new image frame in a circular fashion. In the
illustrated embodiment, a memory 228 is used to store the
image frames for archival purposes. The contents of the
memory 228 may be transferred to a remote patient records
keeping system after an imaging procedure is complete. In
some embodiments, at least some of the image frames that
are stored in the memory 228 are compressed to save space
and therefore may lack some detail compared with the image
frames that are stored in the buffer memory 224. In some
embodiments, image data other than image frames (e.g., raw
image data, pre-conversion image data, etc.) can be stored in
the buffer memory 224.

[0019] In the illustrated embodiment, the system 100
includes a number of operator inputs 230 such as keys,
buttons, knobs, a microphone to receive voice commands, a
camera to capture gestures, or software-configured controls,
such as touch screen controls or the like. The operator inputs
230 allow an operator to change the operating characteristics
of the system 100 and to input commands to the system
processor 220.

[0020] Insome embodiments, the operator begins an ultra-
sound imaging procedure (e.g., an examination) by using the
operator inputs 230 to select a procedure type from a number
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of pre-defined procedure types that are shown on the display
104 or that may have a dedicated control on a keyboard or
other input device of the system 100. For example, the
imaging procedure could be a regional anesthesia injection
or other ultrasound-guided needle injection procedure. Each
procedure type may be associated with particular views
and/or measurements that are to be captured by the operator
during the specific procedure. For example, some needle
injection procedures may require an image of the needle at
the target region with the patient, an image of the needle
during injection of a drug or other injectate, etc. For
example, a nerve block procedure may require that three or
more different image frames be recorded including views of
(1) a needle approaching a target nerve, (ii) the needle at the
position of the target nerve, and (iii) anesthetic being deliv-
ered around the target nerve. Such views may be required to
be stored (e.g., archived) by the medical facility or operator
for insurance billing purposes. In the illustrated embodi-
ment, the views and/or measurements required by the vari-
ous procedure types are stored in a knowledge base 232
(e.g., a memory, database, etc.) that is accessible to the
system processor 220. In some embodiments, the knowledge
base 232 can further store one or more parameters, image
frames, or other data from previous examinations that can
be, for example, compared to the image frames stored in the
buffer memory 224 as described in detail below.

[0021] After selecting a particular imaging procedure, the
operator can use one or more of the operator inputs 230 (e.g.,
an on-screen button, footswitch, control on an imaging
probe, etc.) to begin capturing ultrasound image frames
using the system 100. These image frames are produced and
stored in the buffer memory 224 until the operator uses one
or more of the operator inputs 230 to halt the image capture
process. In some embodiments, the image capture process
can be halted based on other criteria such as, for example, a
timer, an electrocardiogram signal, etc. As will be appreci-
ated, the buffer memory 224 can be constructed to store
several thousand image frames of ultrasound data.

[0022] In the past, using conventional ultrasound systems,
the operator was required to take the time to review/search
through all of the stored image frames to select which frames
would be included in a patient’s record and/or submitted for
billing purposes. Moreover, the review/search for relevant
images was conducted after the imaging procedure con-
cluded—meaning it was not possible for the operator to
know with certainty during a needle injection procedure
whether they captured the required views (e.g., for billing
purposes). In some other conventional ultrasound systems,
the operator could press a button on an ultrasound probe or
use a voice control during a procedure to print or save
particular images—for example, those taken at approxi-
mately the time of an injection. While such systems may
reduce the amount of review required by the operator to
identify relevant image frames, buttons may be pressed
accidentally, and voice controls may be accidentally acti-
vated in noisy environments. Furthermore, it is often cum-
bersome for the operator to conduct a needle injection
procedure while simultaneously triggering an ultrasound
system to save certain images during the procedure.

[0023] Incontrast to conventional systems, the system 100
of the present technology is configured to automatically
identify (e.g., select, determine, etc.) and save image frames
that are relevant to, or required, by a needle injection
procedure—for example, those image frames depicting a
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particular event, trigger, or aspect of the needle injection
procedure (referred to herein as an “injection event”). For
example, the system 100 can be configured to automatically
identify image frames that depict a specified injection event
such as a needle being positioned at or approaching a target
location, an injection taking place, etc. Specifically, the
system processor 220, the image processor 222, and/or
another suitable processor such as a DSP or a GPU can
execute a number of programmed instructions to analyze the
image frames that are stored in the buffer memory 224 and
identify one or more of the image frames that likely depict
the specified injection event. In other embodiments, image
data other than image frames (e.g., pre-conversion image
data) can be analyzed to identify portions of the image data
that depict or relate to the specified injection event.

[0024] The identified image frames can be saved to the
memory 228 for archival or other purposes. In some embodi-
ments, the identified image frames are stored in the memory
228 with lossless compression or with little or no compres-
sion compared to the unselected image frames generated
during the examination in order to retain more image detail.
In certain embodiments, the identified image frames are
marked for inclusion in, or automatically entered into, a
patient report of an examination. In some embodiments, the
system 100 can generate an indication (e.g., a sound, display,
etc.) to provide real-time or near-real-time feedback to the
operator that image frames showing the specified injection
event were successfully captured.

[0025] The system processor 220 (or ancther processor)
can automatically identify image frames stored in the buffer
memory 224 that likely depict a specified injection event in
a number of different manners. FIG. 3, for example, is a flow
diagram of a process or method 300 performed by one or
more of the processors in the system 100 for identifying
image frames that depict an injection event using frame-to-
frame comparison in accordance with embodiments of the
present technology. Beginning at block 302, the method 300
includes generating ultrasound signals and receiving the
corresponding echo signals for a needle injection procedure
and storing image frames of ultrasound data about the
procedure in the buffer memory 224, as described in detail
above. At block 304, the method includes comparing and/or
analyzing image frames stored in the buffer memory 224 to
identify the image frames that depict the specified injection
event. In some embodiments, for example, the system pro-
cessor 220 correlates and/or compares the image frames
stored in the buffer memory 224 to detect changes between
the image frames such as those caused by motion of a needle
and/or the fluid injected from the needle.

[0026] For example, the system processor 220 can use
well-known image processing methods to estimate and
characterize the point correspondence from one image frame
to the next in the vicinity of the needle. For example, the
system processor 220 can estimate the correspondence (or
motion) of each point of interest by maximizing a figure of
merit for the match between a patch of one image frame
centered about the point in question with a sliding window
in the next image frame for each image frame stored in the
buffer memory 224. That is, the system processor 220 can
estimate flow vectors for each or a subset of pixels between
two or more image frames. Potential figures of merit include
2D correlation, mutual information, or structural similarity.
In some embodiments, regularization or pre-processing may
be applied to assist in (e.g., lower the processing costs of)
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estimating the correspondence of each point of interest. In
other embodiments, optical flow methods such as the
Lucas—Kanade or Horn-Schunck may be employed to
establish the point correspondences (e.g., flow vectors). In
either case, the flow vector properties can be classified to
indicate the needle and/or injectate.

[0027] Regardless of the specific image processing meth-
od(s) employed, the system processor 220 can identify that
certain image frames stored in the buffer memory 224 likely
depict the specified injection event based on the estimated
optical flow/motion between the image frames. In some
embodiments, for example, the system processor 220 can
determine that the needle is stationary or generally station-
ary in certain image frames and thus that the needle is
positioned at the target location and/or that an injection is
occurring in those image frames. Similarly, a detection of
fluid motion around the needle tip in certain image frames
can indicate that the injection is depicted in those frames.
[0028] In other embodiments, the system processor 220
may execute instructions that implement a trained neural
network or a machine learning algorithm to analyze/com-
pare image frames stored in the buffer memory 224 in order
to identify the image frames that depict the specified imjec-
tion event. The machine learning algorithm can be an
artificial neural network or deep learning algorithm that is
trained to recognize motion indicative of the injection event
in the image frames (e.g.. the swirl or expansion of the fluid
of the injection around the tip of the needle). In some
embodiments, for example, a neural network can be used to
detect the injection event based on the differences between
image frames in the buffer memory 224 (e.g., based on a
time series of image frames). In some embodiments, the
machine learning algorithm can be trained based one or
more image frames that were generated and saved in one or
more previous examinations and that are similar to the
image frames required to be saved in the current examina-
tion. These previous images can be stored in, for example,
the knowledge base 232. Based on the previous images, the
machine learning algorithm can determine the image frames
in the buffer memory 224 that, for example, bear the closest
resemblance to the previous images and thus likely depict
the injection event. In this manner, the system processor 220
can identify the image frames that likely depict the injection
event based on the historical data/examples from previous
examinations.

[0029] In certain embodiments, the system processor 220
can further mark or identify a particular region (e.g., a
sub-region) in one or more of the image frames that likely
depicts the injection. For example, the system processor 220
could automatically determine a bounding box around the
likely region of injection based on classification of flow
vectors calculated or determined for the image frame(s).
[0030] In some embodiments, the system processor 220
can be configured to analyze only a portion (e.g., a specific
region) of the image frames and/or a subset of the total
number of image frames in order to detect the specified
injection event. For example, the system processor 220 can
be configured analyze only a portion (e.g., a region) of the
image frames that is proximate to a determined location of
the needle. Likewise, the system processor 220 could
employ different levels or types of imaging processing
methods on different subsets of the image frames stored in
the buffer memory 224. For example, the system processor
could analyze the image frames stored in the buffer memory
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224 until detecting that the needle has stopped moving, and
then analyze subsequently generated/stored image frames to
detect those image frames that depict the fluid from the
injection around the needle. Such embodiments can advan-
tageously reduce the processing burden of the system 100 by
localizing some of the imaging processing steps to a subset
of the image frames stored in the buffer memory 224.

[0031] At bock 306, the method 300 includes automati-
cally storing the image frames identified as depicting the
injection event in a memory for archival purposes (e.g., for
inclusion in a patient repott, billing record, or other report).
For example, the image frames can be stored in the memory
228 and/or in a different memory accessible to the system
processor 220. In some embodiments, the identified image
frames can be marked or flagged in the buffer memory 224
in addition to or instead of being stored in a memory for
archival purposes.

[0032] In some embodiments, the system processor 220
can automatically identify image frames stored in the buffer
memory 224 in other manners (e.g., other than by a frame-
to-frame comparison). FIG. 4, for example, is a flow dia-
gram of a process or method 400 performed by one or more
of the processors in the system 100 for identifying image
frames that depict an injection event based on flow infor-
mation in the image frames, in accordance with embodi-
ments of the present technology. Beginning at block 402, the
method 400 includes generating ultrasound signals and
receiving the corresponding echo signals for a needle injec-
tion procedure and storing image frames of ultrasound data
about the procedure in the buffer memory 224, as described
in detail above. More specifically, in some embodiments, the
system 100 can be operated in a Doppler Mode or another
color flow imaging mode that generally correlates multiple
ultrasound signal pulses into a single image frame that
contains motion or flow information (often displayed in
color), as is known in the art. In some embodiments, the
color flow imaging need not employ the entire color flow
processing chain—instead segmentation and classification
of a subset of the signals (e.g., lag-0 correlations, lag-1
correlations, etc.) can be used to produce the flow informa-
tion. At block 304, the system processor 220 can proceed to
analyze the flow information of the image frames stored in
the buffer memory 224 to identify those image frames
depicting the specified injection event.

[0033] In some embodiments, the method 400 requires a
relatively greater amount of front-end processing by the
processor(s) than the method 300 illustrated in FIG. 3,
because multiple ultrasound signals pulses are used to
generate each image frame. Accordingly, the frame rate of
the system 100 can be slower when performing the method
400 as compared to the method 300. In certain embodi-
ments, to improve the frame rate of the system 100 while
performing the method 400, the system 100 can be config-
ured to capture flow information (e.g., to generate, detect,
and correlate multiple ultrasound signal pulses) for only a
portion or region of each image frame. In some embodi-
ments, for example, the system 100 can determine a bound-
ing box (e.g., a virtual color box) or other region in which
to search for the specified injection event that is smaller than
the entire image frame. For example, the system processor
220 can execute instructions that implement an image clas-
sification algorithm (e.g., a detection, trained neural net-
work, or machine learning algorithm) to detect the location
of the needle (e.g., by detecting a bright reflector, either
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stationary or moving) and/or the location of the needle tip
(e.g., by detecting a transition from a bright reflector). The
system processor 200 can then specify a small region around
the needle in which to search for an injection of fluid from
the needle by generating flow information for the small
region. In some embodiments, the detected location of the
needle in one image frame can be used to expedite the search
for the needle in another image frame (e.g., a subsequent
image frame). That is, once the needle is detected in one
image frame, the entirety of each subsequent image frame
does not need to be classified from there forward in time.
Finally, at block 406, the method 400 includes automatically
storing the image frames identified as depicting the injection
event in a memory for archival purposes, or otherwise
marking or flagging the image frames in the buffer memory
224.

[0034] In general, the system 100 can automatically iden-
tify image frames stored in the buffer memory 224 that likely
depict the specified injection event using any of frame-to-
frame image processing, image processing using trained
neural networks or machine learning algorithms, optical
flow (e.g., classification of flow vectors that indicate the
cessation of movement of a needle structure and/or the
swirling or expanding of a flow pattern of injectate), color
flow imaging, or combinations thereof. For example, simple
frame-to-frame comparison methods could be used to detect
motion of the needle between image frames, and specifically
to detect that motion of the needle has stopped. A trained
neural network or machine learning algorithm could then be
employed to detect the needle tip in subsequently generated
image frames. Finally, a region around the identified needle
tip could be interrogated using color flow imaging to detect
the injection of fluid from the needle tip. In this manner, the
system 100 can automatically accurately identify image
frames depicting the specified injection event while reducing
the processing requirements of the system 100 compared to,
for exaniple, generating flow information for each full image
frame produced during a procedure.

[0035] In some embodiments, the system 100 is config-
ured to analyze the image frames stored in the buffer
memory 224 in real-time or near-real-time as they are
generated and added to the buffer memory 224. In such
embodiments, after identifying that one or more of the image
frames depicts the specified injection event, the system 100
can be configured to generate a notification or indication that
at least one of the image frames depicts the injection event.
In some embodiments, for example, the system processor
220 can cause a notification to be displayed on the display
226 or a sound to be played via a speaker of the system 100.
Accordingly, the system 100 can advantageously provide
feedback alerting the operator of the system 100—during the
examination—that the necessary image frames were cap-
tured. In other embodiments, image frames from an entire
ultrasound procedure can be accessed and analyzed after the
procedure is concluded to automatically determine and save
image frames depicting the specified injection event.

[0036] In some embodiments, the image frames are asso-
ciated with meta-data (e.g., narrative information) about the
image frame. The meta-data may include the type of tissue
being imaged and one or more parameters of the system 100
used to obtain the image. Such parameters can include the
operating mode of the ultrasound machine (B-mode, Dop-
pler Mode, Power mode, etc.) as well as power settings,
pulse repetition rate, focal depth, probe used, likelihood of
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needle presence/motion, etc. In some embodiments, the
system processor 220 can insert one or more of the identified
image frames into a patient record (e.g., PACS system,
knowledge repository, etc.), patient chart, or other record,
while also inserting (e.g., pre-populating) the corresponding
operating parameters of the ultrasound machine that were
used to obtain the image frame and/or other meta-data so
that the operator does not have to enter them manually.
[0037] Embodiments of the subject matter and the opera-
tions described in this specification can be implemented in
digital electronic circuitry, or in computer software, firm-
ware, or hardware, including the structures disclosed in this
specification and their structural equivalents, or in combi-
nations of one or more of them. Embodiments of the subject
matter described in this specification can be implemented as
one or more computer programs, i.e., one or more modules
of computer program instructions, encoded on computer
storage medium for execution by, or to control the operation
of, data processing apparatus.

[0038] A computer storage medium can be, or can be
included in, a computer-readable storage device, a com-
puter-readable storage substrate, a random or serial access
memory array or device, or a combination of one or more of
them. Moreover, while a computer storage medium is not a
propagated signal, a computer storage medium can be a
source or destination of computer program instructions
encoded in an artificially-generated propagated signal. The
computer storage medium also can be, or can be included in,
one or more separate physical components or media (e.g.,
multiple CDs, disks, or other storage devices). The opera-
tions described in this specification can be implemented as
operations performed by a data processing apparatus on data
stored on one or more computer-readable storage devices or
received from other sources.

[0039] The term “processor” encompasses all kinds of
apparatus, devices, and machines for processing data,
including by way of example a programmable processor, a
computer, a system on a chip, or multiple ones, or combi-
nations, of the foregoing. The apparatus can include special
purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application-specific integrated cir-
cuit). The apparatus also can include, in addition to hard-
ware, code that creates an execution environment for the
computer program in question, e.g., code that constitutes
processor firmware, a protocol stack, a database manage-
ment system, an operating system, a cross-platform runtime
environment, a virtual machine, or a combination of one or
more of them. The apparatus and execution environment can
realize various different computing model infrastructures,
such as web services, distributed computing and grid com-
puting infrastructures.

[0040] A computer program (also known as a program,
software, software application, script, or code) can be writ-
ten in any form of programming language, including com-
piled or interpreted languages, declarative or procedural
languages, and it can be deployed in any form, including as
a stand-alone program or as a module, component, subrou-
tine, object, or other unit suitable for use in a computing
environment. A computer program may, but need not, cor-
respond to a file in a file system. A program can be stored in
a portion of a file that holds other programs or data (e.g., one
or more scripts stored in a markup language document), in
a single file dedicated to the program in question, or in
multiple coordinated files (e.g., files that store one or more



US 2019/0380676 A1l

modules, sub-programs, or portions of code). A computer
program can be deployed to be executed on one computer or
on multiple computers that are located at one site or dis-
tributed across multiple sites and interconnected by a com-
munication network.

[0041] The processes and logic flows described in this
specification can be performed by one or more program-
mable processors executing one or more computer programs
to perform actions by operating on input data and generating
output. The processes and logic flows can also be performed
by, and apparatus can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application-specific integrated cit-
cuit).

[0042] Processors suitable for the execution of a computer
program include, by way of example, both general and
special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a
processor will receive instructions and data from a read-only
memory or a random access memory or both. The essential
elements of a computer are a processor for performing
actions in accordance with instructions and one or more
memory devices for storing instructions and data. Generally,
a computer will also include, or be operatively coupled to
receive data from or transfer data to, or both, one or more
mass storage devices for storing data, e.g., magnetic, mag-
neto—optical disks, or optical disks. Devices suitable for
storing computer program instructions and data include all
forms of non-volatile memory, media and memory devices,
including by way of example semiconductor memory
devices, e.g, EPROM, EEPROM, and flash memory
devices; magnetic disks, e.g., internal hard disks or remov-
able disks; magneto-optical disks; and CD-ROM and DVD-
ROM disks. The processor and the memory can be supple-
mented by, or incorporated in, special purpose logic
circuitry.

[0043] To provide for interaction with a user, embodi-
ments of the subject matter described in this specification
can be implemented on a imaging system having a display
device, e.g., an LCD (liquid crystal display), LED (light
emitting diode), or OLED (organic light emitting diode)
monitor, for displaying information to the operator and a
keyboard and a pointing device, e.g., a mouse or a trackball,
by which the operator can provide input to the computer. In
some implementations, a touch screen can be used to display
information and to receive input from a user. Other kinds of
devices can be used to provide for interaction with an
operator as well; for example, feedback provided to the
operator can be any form of sensory feedback, e.g., visual
feedback, auditory feedback, or tactile feedback; and input
from the operator can be received in any form, including
acoustic, speech, or tactile input. In addition, a computer can
interact with an operator by sending documents to and
receiving documents from a device that is used by the user;
for example, by sending web pages to a web browser on a
user’s client device in response to requests received from the
web browser.

[0044] From the foregoing, it will be appreciated that
specific embodiments of the technology have been described
herein for purposes of illustration, but that various modifi-
cations may be made without deviating from the disclosure.
Accordingly, the invention is not limited except as by the
appended claims. Furthermore, certain aspects of the new
technology described in the context of particular embodi-
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ments may also be combined or eliminated in other embodi-
ments. Moreover, although advantages associated with cer-
tain embodiments of the new technology have been
described in the context of those embodiments, other
embodiments may also exhibit such advantages and not all
embodiments need necessarily exhibit such advantages to
fall within the scope of the technology. Accordingly, the
disclosure and associated technology can encompass other
embodiments not expressly shown or described herein.
/We claim:

1. An ultrasound imaging system, comprising:

a transducer configured to transmit ultrasound signals to
and receive ultrasound signals from a region of interest
during a needle injection procedure;

receive circuitry configured to convert the received ultra-
sound signals into ultrasound image data;

a buffer memory in which the image data is stored; and

a processor configured to identify image data that depicts
a specified injection event of the needle injection
procedure.

2. The ultrasound imaging system of claim 1, further
comprising a memory, wherein the processor is configured
to save the image data that depicts the specified injection
event in the memory.

3. The ultrasound imaging system of claim 1, further
comprising a display for displaying the image data as image
frames, wherein the processor is configured to produce a
notification on the display that at least one of the image
frames depicts the specified injection event.

4. The ultrasound imaging system of claim 1 wherein the
processor is configured to include the image data that depicts
the specified injection event in a patient record.

5. The ultrasound imaging system of claim 1 wherein the
processor is configured to identify the image data that
depicts the specified injection event by analyzing the image
data in the buffer memory using a machine learning algo-
rithm to detect motion of at least one of a needle, a fluid
delivered by the needle, and a material removed by the
needle.

6. The ultrasound imaging system of claim 1 wherein the
specified injection event is at least one of a needle being
positioned at a target location within the region of interest
and the needle approaching the target location within the
region of interest, and wherein the processor is configured to
identify the image data that depicts the specified injection
event by analyzing the image data stored in the buffer
memory to detect motion of the needle.

7. The ultrasound imaging system of claim 1 further
comprising a display for displaying the image data as image
frames, wherein the processor is configured to identify and
mark a region of at least one of the image frames that likely
depicts the specified injection event.

8. The ultrasound imaging system of claim 1 wherein the
specified injection event is an injection taking place within
the region of interest.

9. The ultrasound imaging system of claim 8 wherein the
processor is configured to identify the image data that
depicts the injection taking place by analyzing the image
data stored in the buffer memory to detect motion of an
injectate.

10. The ultrasound imaging system of claim 1 wherein—

the transducer is configured to transmit the ultrasound
signals in two or more pulses,
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the receive circuitry is configured to correlate the received
ultrasound signals into image data including flow infor-
mation, and
the processor is configured to analyze the flow informa-
tion to identify the image data that depicts the specified
injection event.
11. An ultrasound system for imaging a region of interest
of a subject during a needle injection into the region of
interest, comprising;
a transducer configured to transmit ultrasound signals to
and receive ultrasound signals from the region of
interest;
receive circuitry configured to convert the received ultra-
sound signals into image frames of ultrasound data;
a buffer configured to store the image frames; and
aprocessor configured to execute instructions to cause the
processor to—
identify at least one image frame from the plurality of
image frames stored in the cine buffer that depicts a
needle injection; and

store the at least one identified image frame that depicts
the needle injection in a memory for archival pur-
poses.

12. The ultrasound system of claim 11 wherein the
processor is configured to execute the instructions to identify
the at least one image frame that depicts the needle injection
by analyzing the image frames stored in the buffer to detect
that a needle used for the needle injection is generally
stationary.

13. The ultrasound system of claim 11 wherein the
processor is configured to execute the instructions to identify
the at least one image frame that depicts the needle injection
by analyzing the image frames stored in the buffer to detect
a fluid around a needle used for the needle injection.

14. The ultrasound system of claim 11 wherein the
processor is configured to execute the instructions to identify
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the at least one image frame that depicts the needle injection
by comparing the image frames stored in the buffer to detect
motion of at least one of a needle used for the needle
injection and a fluid from the needle.

15. The ultrasound system of claim 11 wherein the
processor is configured to execute the instructions to identify
the at least one image frame depicting the needle injection
by analyzing flow information associated with the image
frames stored in the buffer.

16. A method performed by a processor in an ultrasound
system, the method comprising:

receiving ultrasound signals from a region of interest

during a needle injection procedure;

converting the received ultrasound signals into image

frames of ultrasound data;

storing the image frames in a buffer memory;

identifying one or more of the image frames that depict an

injection event of the needle injection procedure; and
saving the image frames that depict the injection event.

17. The method of claim 16, further comprising inserting
at least one of the image frames that depict the injection
event into a patient chart.

18. The method of claim 16 wherein identifying the image
frames that depict the injection event includes using a
machine learning to compare the image frames stored in the
buffer memory to detect a change between two or more of
the image frames.

19. The method of claim 16 wherein the injection event is
the delivery of an injectate to the region of interest, and
wherein identifying the image frames that depict the deliv-
ery of the injectate includes analyzing flow information in
the image frames to detect motion of the injectate.

20. The method of claim 16, further comprising providing
an indication to an operator that at least one of the image
frames depicts the injection event.
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