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FIG. 10

(57) Abstract: An ultrasound device acquires a video clip having a plurality ofimages in a selected zone of a set of lungs. The ultrasound
device detects B lines (942, 944) in each of the plurality of images and detects a width of each of the B lines. The ultrasound device
sorts the B lines into a first group and a second group based on the width, assigns a score based on the number of B lines and the width
of each B line, and highlights the B lines in the first group difterently than the B lines in the second group in each of the images. The
ultrasound device identities a representative image from the plurality of images and displays the identified representative image (940).
The highlighting may comprise superimposing a pair of indicators (950, 951) on a pair of edges for each of the B lines.
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METHOD AND SYSTEM FOR ENHANCED VISUALIZATION AND SELECTION
OF A REPRESENTATIVE ULTRASOUND IMAGE BY AUTOMATICALLY
DETECTING B LINES AND SCORING IMAGES OF AN ULTRASOUND SCAN

CROSS-REFERENCE TO RELATED APPLICATIONS/INCORPORATION BY
REFERENCE
[01] This application is a Continuation-In-Part of U.S. patent application Ser. No.
14/869560, entitled “METHOD AND SYSTEM FOR ENHANDED VISUALIZATION
AND SELECTION OF A REPRESENTATIVE ULTRASOUND IMAGE BY
AUTOMATICALLY DETECTING B LINES AND SCORING IMAGES OF AN
ULTRASOUND SCAN ¢, filed, September 29, 2015, which is herein incorporated by

reference.

FIELD OF THE INVENTION

[02] Certain embodiments of the invention relate to ultrasound imaging. More
specifically, certain embodiments of the invention relate to a method and system for
enhanced visualization and selection of a representative ultrasound image by
automatically detecting both B lines and widths of the B lines, and scoring images of an

ultrasound scan based on both the detected B lines and the widths of the detected B lines.

BACKGROUND OF THE INVENTION

[03] Ultrasound imaging is a medical imaging technique for imaging organs and
soft tissues in a human body. Ultrasound imaging uses real time, non-invasive high
frequency sound waves to produce a series of two-dimensional (2D) and/or three-

dimensional (3D) images.

[04] For many years, ultrasound was not used to evaluate the lung because in normal
conditions, the only detectable structure is the pleura, which appears as a hyper-echoic
horizontal line moving synchronously with respiration. Later, it was found that the
acoustic mismatch needed to reflect an ultrasound beam may be created when the air
content in the lungs decrease, such as in patients with pulmonary edema, acute

respiratory distress syndrome (ARDS), pneumonia, and pulmonary fibrosis. Specifically,
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the presence of extravascular lung water during an ultrasound scan causes comet-tail
reverberation artifacts, called B lines, ultrasound lung comets, or lung rockets, to be
visible in the ultrasound images. These B lines, which appear as bright vertical lines that
extend from the pleura to the bottom of the ultrasound image, and the widths of the B
lines can be used to assess the severity of pulmonary edema and may also be helpful in

evaluating patients with ARDS, pneumonia, and pulmonary fibrosis.

[05] Lung function is regional in nature. For example, a condition present in one
section of one lung may not be present in other sections of the same lung or in the other
lung. Moreover, analysis of lung ultrasound images is typically performed on an
ultrasound scan covering at least one breathing cycle. Currently, a physician may review
and analyze multiple images from multiple zones of the lungs to score the condition of
each zone of the lungs based on the number of B lines identified in the images. The
review, analysis, and manual scoring of the large number of images is a labor intensive
process that is imprecise due to the subjective identification of B lines by different

physicians.

[06] Existing ultrasound and post-processing systems do not automatically identify a
representative ultrasound image for documentation in each zone. Furthermore, existing
systems do not enhance the visualization of the B lines for review by an operator of an
ultrasound system. Existing system also do not detect a width of each of the B lines and
use both the number of B lines and the widths of the B lines to assign a score to each of
the images. Moreover, existing systems do not facilitate the comparison of images and
scores between previous and current examinations to assist with assessing improvement

or deterioration of a patient condition.

[07] Further limitations and disadvantages of conventional and traditional approaches
will become apparent to one of skill in the art, through comparison of such systems with
some aspects of the present invention as set forth in the remainder of the present

application with reference to the drawings.
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BRIEF SUMMARY OF THE INVENTION

[08] A method includes performing an ultrasound scan to acquire a video clip having a
plurality of images in a selected zone of a set of lungs, detecting B lines in each of the
plurality of images, detecting a width of each of the B lines in each of the plurality of
images, sorting, by the processor, the B lines into a first group and a second group based
on the width of each of the B lines, where the B lines in the first group have a narrower
width than the B lines in the second group, assigning a score to each of the plurality of
images of the video clip based at least in part on both the detected number of B lines and
the width of each of the B lines, highlighting, by the processor, the B lines in the first
group differently than the B lines in the second group in each of the images of the video
clip, identifying, by the processor, a representative image from the plurality of images of
the video clip in the selected zone, the identification of the representative image based at
least in part on the assigned score of each of the plurality of images, and displaying by a

display system of the ultrasound system, the identified representative image.

[09] A system includes an ultrasound device including an ultrasound probe operable to
perform an ultrasound scan to acquire a video clip having a plurality of images in a
selected zone of a set of lungs. The system including a processor operable to detect B
lines in each of the plurality of images of the video clip, detect a width of each of the B
lines, sort the B lines into a first group and a second group based on the width of each of
the B lines, where the B lines in the first group have a narrower width than the B lines in
the second group, and assign a score to each of the plurality of images of the video clip
based on both the number of B lines and the widths of the B lines. The processor is
operable to highlight the B lines in the first group differently than the B lines in the
second group, identify a representative image from the plurality of highlighted images of
the video clip in the selected zone, the identification of the representative image based at
least in part on the assigned score of each of the plurality of images, and a display system

operable to display the identified representative image.

[10] A non-transitory computer readable medium having stored theron, a computer
program having at least one code section, the at least one code section being executable

by a machine for causing the machine to perform steps including detecting B lines in
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each of a plurality of images of a video clip acquired by an ultrasound scan of a selected
zone of a set of lungs, detecting a width of each of the B lines in each of the plurality of
images, sorting the B lines into a first group and a second group based on the width of
each of the B lines, where the B lines in the first group have a narrower width than the B
lines in the second group, assigning a score to each of the plurality of images of the video
clip based at least in part on both the detected number of B lines and the width of each of
the B lines in each of the highlighted images, highlighting the B lines in the first group
differently than the B lines in the second group in each of the plurality of images of the
video clip, and identifying a representative image from the plurality of images of the
video clip in the selected zone of the set of lungs, the identification of the representative

image based at least in part on the assigned score of each of the plurality of images.

[11] These and other advantages, aspects and novel features of the present invention,
as well as details of an illustrated embodiment thereof, will be more fully understood

from the following description and drawings.
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[12] FIG. 1 is a block diagram of an exemplary ultrasound system that is operable to
provide enhanced visualization and selection of a representative ultrasound image by
automatically detecting B lines and scoring images of an ultrasound scan, in accordance

with an embodiment of the invention.

[13] FIG. 2 is a screenshot of an exemplary ultrasound image of a portion of a lung as

is known in the art.

[14] FIG. 3 is a screenshot of an exemplary enhanced ultrasound image of a portion of
a lung having a marker identifying a B line, in accordance with an embodiment of the

invention.

[15] FIG. 4 is a screenshot of an exemplary enhanced ultrasound image of a portion of
a lung having markers identifying B lines, in accordance with an embodiment of the

invention.

[16] FIG. 5 is a screenshot of an exemplary user interface displaying a map of scored

lung zones, in accordance with an embodiment of the invention.

[17] FIG. 6 is screenshots of exemplary ultrasound images of a portion of a lung

having mild, moderate, and severe conditions as is known in the art.

[18] FIG. 7 is a screenshot of an exemplary user interface displaying lung ultrasound
images from a current examination and a previous examination, in accordance with an

embodiment of the invention.

[19] FIG. 8 is a flow chart illustrating exemplary steps that may be utilized for
providing enhanced visualization and selection of a representative ultrasound image by
automatically detecting B lines and scoring images of an ultrasound scan, in accordance

with an embodiment of the invention.

[20] FIG. 9 is a flow chart illustrating exemplary steps that may be utilized for
providing enhanced visualization and selection of a representative ultrasound image by
automatically detecting both B lines and widths of B lines and scoring images of an

ultrasound scan in accordance with an embodiment of the invention.
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[21] FIG. 10 is a screenshot of an exemplary enhanced ultrasound image of a portion

of a lung in accordance with an embodiment.

[22] FIG. 11 is a screenshot of an exemplary enhanced ultrasound image of a portion

of a lung in accordance with an embodiment.

[23] FIG. 12 is a screenshot of an exemplary enhanced ultrasound image of a portion

of a lung in accordance with an embodiment.
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DETAILED DESCRIPTION OF THE INVENTION

[24] Certain embodiments of the invention may be found in a method and system for
enhanced visualization and selection of a representative ultrasound image by
automatically detecting B lines and scoring images of an ultrasound scan based on the
detected B lines and the widths of the B lines. For example, aspects of the present
invention have the technical effect of providing optimized image acquisition parameters
for detection of B lines in ultrasound images. Moreover, aspects of the present invention
have the technical effect of automatically providing real-time ultrasound images
enhanced to identify B lines for presentation to an ultrasound operator. Aspects of the
present invention have the technical effect of scoring images acquiring with an ultrasound
system based on both the detected number for B lines and the width of each of the B lines
in each image. Additionally, aspects of the present invention have the technical effect of
automatically identifying a representative ultrasound image for acceptance by an
ultrasound operator to provide documentation of each ultrasound scan zone.
Furthermore, aspects of the present invention have the technical effect of facilitating the
comparison of images and scores between previous and current examinations to assist
with assessing improvement or deterioration of a patient condition by automatically

identifying and retrieving previous related ultrasound examination images.

[25] The foregoing summary, as well as the following detailed description of certain
embodiments will be better understood when read in conjunction 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., processors or memories) may be implemented in a single piece of hardware (e.g., a
general purpose signal processor or a block of random access memory, hard disk, or the
like) or multiple pieces of hardware. Similarly, the programs 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 understood that the various
embodiments are not limited to the arrangements and instrumentality shown in the

drawings. It should also be understood that the embodiments may be combined, or that
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other embodiments may be utilized and that structural, logical and electrical changes may
be made without departing from the scope of the various embodiments of the present
invention. The following detailed description is, therefore, not to be taken in a limiting
sense, and the scope of the present invention is defined by the appended claims and their

equivalents.

[26] 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, references to "one embodiment"
are not intended to be interpreted as excluding the existence of additional embodiments
that also incorporate the recited features. Moreover, unless explicitly stated to the
contrary, embodiments "comprising” or "having" an element or a plurality of elements

having a particular property may include additional elements not having that property.

[27] Also as used herein, the term "image" broadly refers to both viewable images and
data representing a viewable image. However, many embodiments generate (or are
configured to generate) at least one viewable image. In addition, as used herein, the
phrase "image" is used to refer to an ultrasound mode such as B-mode, CF-mode and/or
sub-modes of CF such as TVI, Angio, B-flow, BMI, BMI_Angio, and in some cases also
MM, CM, PW, TVD, CW where the "image" and/or "plane” includes a single beam or

multiple beams.

[28] Furthermore, the term processor or processing unit, as used herein, refers to any
type of processing unit that can carry out the required calculations needed for the
invention, such as single or multi-core: CPU, Graphics Board, DSP, FPGA, ASIC or a

combination thereof.

[29] It should be noted that various embodiments described herein that generate or
form images may include processing for forming images that in some embodiments
includes beamforming and in other embodiments does not include beamforming. For
example, an image can be formed without beamforming, such as by multiplying the
matrix of demodulated data by a matrix of coefficients so that the product is the image,

and wherein the process does not form any "beams". Also, forming of images may be
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performed using channel combinations that may originate from more than one transmit

event (e.g., synthetic aperture techniques).

[30] In various embodiments, ultrasound processing to form images is performed, for
example, including ultrasound beamforming, such as receive beamforming, in software,
firmware, hardware, or a combination thereof. One implementation of an ultrasound
system having a software beamformer architecture formed in accordance with various

embodiments is illustrated in FIG. 1.

[31] FIG. 1 is a block diagram of an exemplary ultrasound system 100 that is operable
to provide enhanced visualization and selection of a representative ultrasound image by
automatically detecting B lines 206 and scoring images 300 of an ultrasound scan, in
accordance with an embodiment of the invention. Referring to FIG. 1, there is shown an
ultrasound system 100 comprising a transmitter 102, an ultrasound probe 104, a transmit
beamformer 110, a receiver 118, a receive beamformer 120, a RF processor 124, a RF/IQ
buffer 126, a user input module 130, a signal processor 132, an archive 138, an image

buffer 136, and a display system 134.

[32] The transmitter 102 may comprise suitable logic, circuitry, interfaces and/or code
that may be operable to drive an ultrasound probe 104. The ultrasound probe 104 may
comprise a one dimensional (1D, 1,25D, 1,5D or 1,75D) array, two dimensional (2D)
array, or three dimensional (3D) array of piezoelectric elements. The ultrasound probe
104 may comprise a group of transmit transducer elements 106 and a group of receive

transducer elements 108, that normally constitute the same elements.

[331 The transmit beamformer 110 may comprise suitable logic, circuitry, interfaces
and/or code that may be operable to control the transmitter 102 which, through a transmit
sub-aperture beamformer 114, drives the group of transmit transducer elements 106 to
emit ultrasonic transmit signals into a region of interest (e.g., human, animal,
underground cavity, physical structure and the like). The transmitted ultrasonic signals
107 may be back-scattered from structures in the object of interest, like blood cells or
tissue, to produce echoes. The echoes are received by the receive transducer elements
108. The group of receive transducer elements 108 in the ultrasound probe 104 may be

operable to convert the received echoes into analog signals, undergo sub-aperture
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beamforming by a receive sub-aperture beamformer 116 and are then communicated to a

receiver 118.

[34] The receiver 118 may comprise suitable logic, circuitry, interfaces and/or code
that may be operable to receive and demodulate the signals from the receive sub-aperture
beamformer 116. The demodulated analog signals may be communicated to one or more
of the plurality of A/D converters 122. The plurality of A/D converters 122 may
comprise suitable logic, circuitry, interfaces and/or code that may be operable to convert
the demodulated analog signals from the receiver 118 to corresponding digital signals.
The plurality of A/D converters 122 are disposed between the receiver 118 and the
receive beamformer 120. Notwithstanding, the invention is not limited in this regard.
Accordingly, in some embodiments of the invention, the plurality of A/D converters 122

may be integrated within the receiver 118.

[35] The receive beamformer 120 may comprise suitable logic, circuitry, interfaces
and/or code that may be operable to perform digital beamforming processing on the
signals received from the plurality of A/D converters 122. The resulting processed
information may be converted back to corresponding RF signals. The corresponding
output RF signals that are output from the receive beamformer 120 may be
communicated to the RF processor 124. In accordance with some embodiments of the
invention, the receiver 118, the plurality of A/D converters 122, and the beamformer 120

may be integrated into a single beamformer, which may be digital.

[36] The RF processor 124 may comprise suitable logic, circuitry, interfaces and/or
code that may be operable to demodulate the RF signals. In accordance with an
embodiment of the invention, the RF processor 124 may comprise a complex
demodulator (not shown) that is operable to demodulate the RF signals to form 1/Q data
pairs that are representative of the corresponding echo signals. The RF or I/Q signal data
may then be communicated to an RF/IQ buffer 126. The RF/IQ buffer 126 may comprise
suitable logic, circuitry, interfaces and/or code that may be operable to provide temporary

storage of the RF or I/Q signal data, which is generated by the RF processor 124.

[37] The user input module 130 may be utilized to input patient data, image acquisition

and scan parameters, settings, configuration parameters, change scan mode, and the like.

10
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In an exemplary embodiment of the invention, the user input module 130 may be
operable to configure, manage and/or control operation of one or more components
and/or modules in the ultrasound system 100. In this regard, the user input module 130
may be operable to configure, manage and/or control operation of transmitter 102, the
ultrasound probe 104, the transmit beamformer 110, the receiver 118, the receive
beamformer 120, the RF processor 124, the RF/IQ buffer 126, the user input module 130,
the signal processor 132, the image buffer 136, and/or the display system 134.

[38] In various embodiments, the user input module 130 may be operable to provide
image acquisition parameters. For example, a user may input parameters such as depth,
gain, and focus, among other things, using the user input module 130. In an exemplary
embodiment, the user input module 130 may be operable to receive a selection accepting
a representative ultrasound image. For example, a user may activate a button 130 on the
ultrasound probe 104 to accept and store a displayed ultrasound image 300 depicting a
largest amount of B lines representing the most severe level of pulmonary edema. Or, the
user may activate the button 130 on the ultrasound probe to accept and store a displayed
ultrasound image with the highest score based on both the number and widths of the B
lines. The user input module 130 can be a mousing device, keyboard, touch screen
display, remote control, button, switch, sliding bar, voice activated input, or any suitable
device or mechanism operable to receive a user input. The user input module 130 may be
integrated with other components, such as the ultrasound probe 104 or display system

134, or can be a separate component.

[39] The signal processor 132 may comprise suitable logic, circuitry, interfaces and/or
code that may be operable to process the ultrasound scan data for generating an
ultrasound image for presentation on a display system 134. The signal processor 132 is
operable to perform one or more processing operations according to a plurality of
selectable ultrasound modalities on the acquired ultrasound scan data. Acquired
ultrasound scan data may be processed in real-time during a scanning session as the echo
signals are received. Additionally or alternatively, the ultrasound scan data may be
stored temporarily in the RF/IQ buffer 126 during a scanning session and processed in
less than real-time in a live or off-line operation. In the exemplary embodiment, the

signal processor 132 may comprise a parameter selection module 140, a B line processing

11
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module 150, a representative frame selection module 160, and an examination analysis

module 170.

[40] The ultrasound system 100 may be operable to continuously acquire ultrasound
information at a frame rate that is suitable for the imaging situation in question. Typical
frame rates range from 20-70 but may be lower or higher. The acquired ultrasound
information may be displayed on the display system 134 at a display-rate that can be the
same as the frame rate, or slower or faster. An image buffer 136 is included for storing
processed frames of acquired ultrasound information that are not scheduled to be
displayed immediately. Preferably, the image buffer 136 is of sufficient capacity to store
at least several seconds worth of frames of ultrasound information. The frames of
ultrasound information are stored in a manner to facilitate retrieval thereof according to
its order or time of acquisition. The image buffer 136 may be embodied as any known

data storage medium.

[41] The parameter selection module 140 may comprise suitable logic, circuitry,
interfaces and/or code that may be operable to import and apply image acquisition
parameters to the transmitter 102 and/or transmit beamformer 110 for acquiring enhanced
ultrasound image data of the target by controlling the emission of the ultrasonic transmit
signals into a region of interest. The parameter selection module 140 may select the
appropriate image acquisition parameters based on instructions received from a user input
module 130 and/or parameters imported from an archive 138 storing previous related
examination images and information. The image acquisition parameters can include
depth, gain, focus, and the like. For example, B line 206 visualization in an ultrasound
image 300 of the lung may be optimized by not expanding the aperture and not extending
the focusing beyond a pleura 204 depth. Specifically, image processing parameters may
be chosen to optimize acquisition and beamforming of the ultrasound scan to highlight
the B lines 206 by setting focus delays and an aperture to a depth close to that of the
pleura 204. The selection of matching image acquisition parameters by the parameter
selection module 140 of the signal processor 132 for previous and current ultrasound
scans of the same patient improves the reliability and consistency of B line 206
identification and scoring of the previous and current ultrasound scans. The archive 138

may be a local archive, a Picture Archiving and Communication System (PACS), or any

12
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suitable device for storing ultrasound images and related information, such as the image

acquisition parameters selected for acquiring the stored ultrasound images.

[42] The B line processing module 150 may comprise suitable logic, circuitry,
interfaces and/or code that may be operable to identify B lines 204 in frames (also
referred to as images) of an ultrasound video clip (also referred to as an ultrasound scan),
enhance the visualization of the B lines 204 for presentation to an operator by
highlighting 302 the B lines in each of the frames 300 of the ultrasound video clip, and
score each of the ultrasound images in the video clip based on the detected B lines 204.
The B line processing module 150 may be configured to identify B lines and enhance the
visualization of the B lines in images from a video clip that is either acquired in real time
or from a video clip that was previously acquired and retrieved from an archive. In other
embodiments, the B line processing module 150 may identify and enhance the
visualization of B lines that are acquired in near real time. FIG. 2 is a screenshot of an
exemplary ultrasound image 200 of a portion of a lung as is known in the art. Referring
to FIG. 2, an ultrasound image 200 of a lung is shown having a pleura line 204 extending
generally horizontal between ribs 202, which are recognized by their acoustic shadow. A
B line 206 appears as a bright vertical line that extends from the pleura 204 to the bottom
of the ultrasound image 200.

[43] Referring again to FIG. 1, the B line processing module 150 of the signal
processor 132 may apply image detection techniques and/or algorithms to automatically
detect ribs 202 as superficial hyper-echoic structures with dark shadows that extend to the
bottom of the image 300. In various embodiments, identification of the ribs 202 may not
be necessary or possible. For example, if the ultrasound probe 104 is placed between two
ribs during image acquisition, the ribs 202 may not be imaged. The B line processing
module 150 may apply image detection techniques and/or algorithms to automatically
detect the pleura 204 in the image 300. For example, the B line processing module 150
may search the image data for the bright horizontal section that identifies the pleura 204.
In an exemplary embodiment, the pleura 204 may be identified based at least in part on
the location of the detected ribs 202. The B line processing module 150 may apply image
detection techniques and/or algorithms to automatically identify B lines in the image 300.

For example, the B line processing module 150 may search the image data for bright

13
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vertical lines that extend from the detected pleura 204 and between identified ribs 202 to

the bottom of the ultrasound image 300.

[44] In a representative embodiment, the B line processing module 150 of the signal
processor 132 highlights B lines 206 in each frame 300 of an ultrasound video clip. The
highlighting may be performed by superimposing a marker 302 on the image 300,
colorizing the ultrasound pixels representing the B line in the image 300, and/or any
suitable manner for drawing attention to detected B lines 206 for presentation to an
operator and/or physician reviewing the image 300 at the display system 134. FIG. 3 is a
screenshot of an exemplary enhanced ultrasound image 300 of a portion of a lung having
a marker 302 identifying a B line 206, in accordance with an embodiment of the
invention. FIG. 4 is a screenshot of an exemplary enhanced ultrasound image 300 of a
portion of a lung having markers 302 identifying B lines 206, in accordance with an
embodiment of the invention. Referring to FIGS. 3 and 4, an ultrasound image 300 of a
lung is shown having a pleura line 204, one or more B lines 206, and a marker 302
identifying each B line 206. The pleura 204 appears as a generally horizontal line
extending across the image 300. The one or more B lines appear as a bright vertical lines
that extend from the pleura 206 to the bottom of the ultrasound image 300. In the
illustrated embodiment, each B line 204 is highlighted by a vertical line marker 302
superimposed on the image 300. In various embodiments, the ultrasound images 300
having the marker(s) 302 identifying the B line(s) 206 may be dynamically presented at a
display system 134 such that an operator of the ultrasound probe 104 may view the

marked images 300 in substantially real-time.

[45] The B line processing module 150 of the signal processor may detect a width of
each of the B lines in the images. The B line processing module 150 may apply image
detection techniques and/or algorithms to automatically detect a width of each of the B
lines in an ultrasound image. The B line processing module may, for instance, measure
or detect the width of each B line at a fixed depth or at a fixed distance from the pleura in
the image. According to an exemplary embodiment, the B line processing module 150
may detect the width of each of the B lines in a direction perpendicular or substantially

perpendicular, such as within 10 degrees of perpendicular, to the B lines.
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[46] The B line processing module 150 of the signal processor 132 scores each of the
ultrasound images 300 in the video clip based at least in part on the detected B lines 204.
The B line processing module 150 may apply an algorithm to count the detected number
of B lines 204. The number of counted B lines 204 may be used to assign a score. The
score may be a number or grade that corresponds with one of a plurality of categories.
For example, 2 or less counted B lines 204 may correspond with a normal or mild
condition, 3-5 B lines 204 may correspond with a moderate condition, and 6 or more B
lines 204 may correspond with a severe condition. The normal or mild condition may be
assigned a score or grade of 1. The moderate condition can be assigned a score or grade
of 2. The severe condition may be assigned a score or grade of 3. As an example, the
ultrasound image 300 of FIG. 3 having one detected B line 206 may be scored or graded
at level 1 corresponding with a normal or mild condition while the ultrasound image 300
of FIG. 4 having three detected B lines 206 may be scored or graded at level 2
corresponding with a moderate condition. FIG. 6 is screenshots of exemplary ultrasound
images 500, 502, 504 of a portion of a lung having mild, moderate, and severe conditions
as is known in the art. Referring to FIG. 6, ultrasound images 500, 502, 504 of a lung are
shown having a pleura line 204 and one or more B lines 206. The pleura 204 appears as a
generally horizontal line extending across each image 500, 502, 504. The one or more B
lines appear as a bright vertical lines that extend from the pleura 204 to the bottom of the
ultrasound image 500, 502, 504. The mild image 500 is shown with 2 B lines 206. The
moderate image 502 is shown with 5 B lines 206. The severe image 504 is shown with
over 6 B lines 206. Although certain embodiments may be described in reference to
exemplary counts, categories, and/or scores, unless so claimed, the scope of various
aspects of the present invention should not be limited to these specific counts, categories,
and/or scores and may additionally and/or alternatively be applicable to any suitable
counts, categories, and/or scores. For example, more or less categories can be defined
being associated with different counts of B lines 206 and corresponding with different

SCores or grades.

[47] In various embodiments, the B line processing module 150 may account for a B
line intensity and/or the area of converging B lines in providing a score for an ultrasound

image 300. For example, referring again to FIG. 6, in some severe cases 504, B lines 206
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may converge or otherwise join together. Accordingly, in addition to or instead of
marking 302 each B line 206, the B line processing module 150 may mark the edges of
one or more groups of joined B lines and calculate an area of the one or more groups of
joined B lines to factor into a score for the ultrasound image 300. As another example,
the B line processing module 150 can factor in a B line intensity when scoring the
ultrasound images. One or more of the intensity, the area scores, or the widths of the B
lines may be used as an additional scoring mechanism and/or a tiebreaker, for example,
by the representative frame selection module 160 when automatically selecting an

ultrasound image depicting a most severe level of B lines as described below.

[48] In certain embodiments, the B line processing module 150 may receive feedback
from the ultrasound probe 104 and/or apply image detection and analysis techniques or
algorithms to analyze the image data to check for probe 104 motion. The B line
processing module 150 of the signal processor 132 may suspend scoring of the ultrasound

images if the probe 104 is moving.

[49] The representative frame selection module 160 may comprise suitable logic,
circuitry, interfaces and/or code that may be operable to review each image 300 of a
video clip and automatically select the image 300 with a highest score depicting a most
severe level of B lines 206. For example, as an ultrasound scan is performed, the display
system 134 may present the real-time image 300 enhanced with markers 302 and the
automatically selected representative image 300 with markers 302. The real-time image
and automatically selected representative image can be presented in separate windows,
separate displays, or any suitable arrangement at the display system 134. As an example,
FIG. 3 may be the real-time enhanced image 300 and FIG. 4 could be the automatically
selected representative image 300 having the most severe level of B lines 206 that can
correspond with the most severe level of pulmonary edema, among other things. In
various embodiments, the representative frame selection module 160 may automatically
select the frame 300 of the video clip having the most B lines 206. Additionally or
alternatively, the representative frame selection module 160 may account for a B line
intensity or area of the B lines when selecting the representative image 300. For
example, the B line intensity or area of the B lines may be a tiebreaker if more than one

of the frames 300 of the video clip has the same number of detected B lines 206.
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[50] After acquiring an ultrasound video clip spanning at least one breathing cycle, the
operator may provide an input at the user input module 130 to accept and store the
representative image 300 selected by the representative frame selection module 160.
Additionally or alternatively, the operator may manually select the representative image
300 or continue to acquire ultrasound data over additional breathing cycles until a
suitable representative image 300 is presented to the operator for acceptance. For
example, the operator may activate a button 130 on the ultrasound probe 104 or any
suitable user input module 130 to accept the representative image 300 selected by the
representative frame selection module 160. The accepted frame 300 may be stored in the
archive 138, which may be a local archive or PACS, for example, to document the

representative image 300 selected for the particular zone of the lung.

[51] The examination analysis module 170 may comprise suitable logic, circuitry,
interfaces and/or code that may be operable to present current and previous examination
images and tools for analyzing examination images at the display system 134. For
example, the examination analysis module 170 may present a lung score distribution map
400 providing a total lung score 408 and individual scores 406 for each zone 404 of a

mapped, imaged, and scored lung.

[52] FIG. 5 is a screenshot of an exemplary user interface 400 displaying a map 402 of
scored lung zones, in accordance with an embodiment of the invention. Referring to FIG.
5, the user interface 400 comprises a map layout 402 having zones 404. The zones 404
may each be assigned with a score or grade 406 based on the accepted frame 300 selected
by the representative frame selection module 160. The score or grade 406 may be
illustrated by the examination analysis module 170 as a letter, number, grayscale shading,
color code, or any suitable mechanism for differentiating between different scores. Still
referring to FIG. 5, the scores are illustrated as numbers ranging between 1 and 3 with 1
being associated with a normal or mild condition, 2 being associated with a moderate
condition, and 3 being associated with a severe condition. In various embodiments, a
total score 408 can also be provided by the examination analysis module 170. The total
score may be a mean, medium, mode, sum, or any suitable mechanism for characterizing
the condition of all of the zones 404 in the map layout 402. Referring to FIG. 5, the total

score 408 is illustrated as the sum of the scores in the zones 404 of the map layout 402.
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In the example illustrated in FIG. 5, the total score 408 may range between 8 and 24, the
lower scores being associated with normal or mild conditions and higher scores
corresponding with severe conditions of the combined zones 404 in the map layout 402.
The user interface 400 of FIG. 5 may be presented, for example, by the examination
analysis module 170 of the signal processor 132 at the display system 134 of the

ultrasound system 100.

[53] Referring again to FIG. 1, the examination analysis module 170 may
automatically retrieve previous examination images 604 from the archive 138 for
comparison with current examination images 614 in an examination image user interface
display 600 at the display system 134. FIG. 7 is a screenshot of an exemplary user
interface 600 displaying lung ultrasound images 604, 614 from a current examination and
a previous examination, in accordance with an embodiment of the invention. With
reference to FIG. 7, the examination image user interface display 600 may comprise
informational boxes or search boxes 602, 612 identifying sets of images 604, 614
retrieved for comparison. The images 604, 614 may be organized by zones 404 or image
locations such as lower, mid, upper, right anterior, right lateral, left anterior, and left
lateral, among other things. The images 604, 614, which may be the representative
images 300 selected by the representative frame selection module 160 and accepted for
storage by an operator, may include an indication of a score 606 that was assigned by the
B line processing module 150, for example. In various embodiments, the examination
analysis module 170 automatically retrieves a most recent previous examination image
set 604 for comparison with a current examination image set 614. Additionally or
alternatively, an operator may use search boxes 602, 612 to select examination image sets
to retrieve for comparison. The images sets 604, 612 may be stored in an archive 138,
such as a local archive, PACS, or any suitable storage device. The examination image
user interface display 600 may be displayed at the display system 134 of the ultrasound

system 100 or any suitable display component including remote display components.

[54] FIG. 8 is a flow chart 800 illustrating exemplary steps 802-816 that may be
utilized for providing enhanced visualization and selection of a representative ultrasound
image 300 by automatically detecting B lines 206 and scoring images 300 of an

ultrasound scan, in accordance with an embodiment of the invention. Referring to FIG.
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8, there is shown a flow chart 800 comprising exemplary steps 802 through 816. Certain
embodiments of the present invention may omit one or more of the steps, and/or perform
the steps in a different order than the order listed, and/or combine certain of the steps
discussed below. For example, some steps may not be performed in certain embodiments
of the present invention. As a further example, certain steps may be performed in a

different temporal order, including simultaneously, than listed below.

[55] At step 802, the ultrasound system 100 may receive image acquisition parameters
for an ultrasound scan. For example, the parameter selection module 140 of the signal
processor 132 may retrieve image acquisition parameters from an archive 138. The
retrieved image acquisition parameters may be default parameters or parameters used in a
related ultrasound examination. As another example, an operator may input or adjust
image acquisition parameters to the parameter selection module 140 via a user input
module 130. The imaging acquisition parameters may include gain, depth, focus, and the
like. The parameter selection module 140 may select or suggest image processing
parameters for optimizing B line 206 visualization in the acquired ultrasound images 300,
such as by choosing or suggesting image acquisition parameters that optimize acquisition
and beamforming of the ultrasound scan to highlight the B lines by setting focus delays
and an aperture to a depth close to that of a pleura. The image acquisition parameters

selected for the ultrasound scan may be stored in the archive 138.

[56] At step 804, an operator may select a layout 402 and/or zone 404 for ultrasound
image acquisition. For example, an ultrasound scan of the lungs may be performed in
multiple zones 404. The number of zones 404 and layout 402 of the zones 404 may be
selected or configured by an operator. As an example, the layout 402 can have two rows
and two columns at each lung for a total of eight zones 404 as illustrated in FIG. 5. The
operator may also have the option to choose other layouts, such as a grid having three
rows and two columns at each lung for a total of twelve zones 404, or any suitable layout
402. In various embodiments, the layout 402 may be selected or configured by the
operator via a user input module 130. In certain embodiments, a default layout 402 may
be automatically selected by the signal processor 132 and/or a layout 402 may be
imported from an archive 138 based on a previous examination layout. Once a layout

402 1s selected, an operator or a default may select a first zone 404 to image. After
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completing steps 806 through 816 below, the flow chart may return to step 804 to select a
next zone 404 to image and continue cycling through the steps 804 through 816 of the

flow chart until all zones 404 have been completed.

[57] At step 806, the ultrasound probe 104 in the ultrasound system 100 may be
operable to perform an ultrasound scan of the zone 404 selected at step 804. The
ultrasound scan may result in a video clip having a plurality of frames acquired over the
duration of at least one breathing cycle. The breathing cycle can be detected
automatically, by a specified duration, or by an operator, among other things. For
example, if a patient is using a ventilator, the ventilator can provide a signal to the signal
processor 132 identifying the breathing cycle duration. As another example, the
breathing cycle may be defined by an operator input at a user input module 130 or be a
default value, such as 3-5 seconds. Further, an operator may identify the end of a
breathing cycle by providing an input at the user input module 130, such as by pressing a

button on the ultrasound probe 104.

[58] At step 808, the B line processing module 150 of the signal processor 132 may
identify ribs 202 and pleura 204 in each image 300 of the acquired video clip. For
example, the B line processing module 150 of the signal processor 132 may apply image
detection techniques and/or algorithms to automatically detect ribs 202 as superficial
hyper-echoic structures with dark shadows that extend to the bottom of the image 300
and may search the image data for the bright horizontal section that identifies the pleura
204. In an exemplary embodiment, the pleura 204 may be identified based at least in part
on the location of the detected ribs 202. In various embodiments, identification of the
ribs 202 may be omitted. For example, if the ultrasound probe 104 is placed between two

ribs during image acquisition, the ribs 202 may not be imaged.

[59] At step 810, the B line processing module 150 of the signal processor 132 may
detect B lines 206 in each image 300 of the acquired video clip and score each image 300
based at least in part on the detected number of B lines 206. For example, the B line
processing module 150 may apply image detection techniques and/or algorithms to
search the image data for bright vertical lines that extend from the detected pleura 204

and between identified ribs 202 to the bottom of the ultrasound image 300. The B line
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processing module 150 of the signal processor 132 scores each of the ultrasound images
300 in the video clip based at least in part on the detected B lines 204. As an example,
the B line processing module 150 may apply an algorithm to count the detected number
of B lines 204, which may be used to assign the score. In various embodiments, the B
line processing module 150 may account for a B line intensity and/or the area of
converging B lines in providing the score for an ultrasound image 300. The score may be
a number or grade that corresponds with one of a plurality of categories, such as mild,
moderate, and severe conditions, among other things. In certain embodiments, the B line
processing module 150 may perform a check for probe 104 motion and can suspend

scoring of the ultrasound images if the probe 104 is moving.

[60] At step 812, the B line processing module 150 of the signal processor 132 may
highlight the detected B lines on each image of the video clip. For example, the B line
processing module 150 may highlight the detected B lines 206 by superimposing a
marker 302 on the image 300, colorizing the ultrasound pixels representing the B line in
the image 300, and/or any suitable manner for drawing attention to detected B lines 206
for presentation to an operator and/or physician reviewing the image 300. In various
embodiments, the ultrasound images 300 having the marker(s) 302 identifying the B
line(s) 206 may be dynamically presented at a display system 134 such that an operator

of the ultrasound probe 104 may view the marked images 300 in substantially real-time.

[61] At step 814, the representative frame selection module 160 may identify a
representative image 300 from the images of the video clip in the selected zone 404 based
at least in part on the image score. For example, the representative frame selection
module 160 may be operable to review each image 300 of a video clip and automatically
select the image 300 with a highest score depicting a most severe level of B lines 206.
The representative frame selection module 160 may automatically select the frame 300 of
the video clip having the most B lines 206. Additionally or alternatively, the
representative frame selection module 160 may account for a B line intensity or area of
the B lines when selecting the representative image 300. For example, the B line
intensity or area of the B lines may be a tiebreaker if more than one of the frames 300 of

the video clip has the same number of detected B lines 206.
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[62] At step 816, the operator may provide an instruction at the user input module 130
to accept and store the representative image 300 selected by the representative frame
selection module 160. Additionally or alternatively, the operator may manually select the
representative image 300 or continue to acquire ultrasound data over additional breathing
cycles until a suitable representative image 300 is presented to the operator for
acceptance. For example, the operator may activate a button 130 on the ultrasound probe
104 or any suitable user input module 130 to accept the representative image 300 selected
by the representative frame selection module 160. The accepted frame 300 may be stored
in the archive 138, which may be a local archive or PACS, for example, to document the
representative image 300 selected for the particular zone of the lung. After completing
step 816, the flow chart may return to step 804 to select a next zone 404 to image and
continue cycling through the steps 804 through 816 of the flow chart until all zones 404

have been completed.

[63] Upon completion of all zones 404 in the map layout 402, the examination analysis
module 170 may be operable to present current and previous examination images and
tools for analyzing examination images at the display system 134. For example, the
examination analysis module 170 may present a lung score distribution map 400
providing a total lung score 408 and individual scores 406 for each zone 404 of a
mapped, imaged, and scored lung as illustrated in FIG. 5. As another example, the
examination analysis module 170 may automatically retrieve previous examination
images 604 from the archive 138 for comparison with current examination images 614 in
an examination image user interface display 600 at the display system 134 as illustrated

in FIG. 7.

[64] Aspects of the present invention provide a method 800 and system 100 for
providing enhanced visualization and selection of a representative ultrasound image 300
by automatically detecting B lines 206 and scoring images 300 of an ultrasound scan. In
accordance with various embodiments of the invention, the method 800 comprises
performing 806, by an ultrasound probe 104 of an ultrasound system 100, an ultrasound
scan to acquire a video clip having a plurality of images 300 in a selected zone 404 of a
set of lungs. The method 800 comprises detecting 810, by a processor 132, 150 of the
ultrasound system 100, B lines 206 in each of the plurality of images 300 of the video
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clip. The method 800 comprises assigning 810 a score 406, 616, by the processor 132,
150, to each of the plurality of images 300 of the video clip based at least in part on the
detected number of B lines 206. The method 800 comprises highlighting 812, by the
processor 132, 150, the detected B lines 206 in each of the plurality of images 300 of the
video clip. The method 800 comprises identifying 814, by the processor 132, 160, a
representative image 300, 614 from the plurality of highlighted images 300 of the video
clip in the selected zone 404. The identification of the representative image 300, 614 is
based at least in part on the assigned score 406, 616 of each of the plurality of images
300. The method 800 comprises displaying, by a display system 134 of the ultrasound
system 100, the identified representative image 300, 614.

[65] In a representative embodiment, the method 800 comprises receiving 816 an
operator instruction, by the processor 132, 160, accepting the identified representative
image 300, 614 and storing 816 the accepted representative image 300, 614 in an archive
138. In certain embodiments, the method 800 comprises automatically storing 816, by
the processor 132, 160, the identified representative image 300, 614 in an archive 138. In
various embodiments, acquisition and beamforming of the ultrasound scan is optimized
to highlight the B lines 206 by setting focus delays and an aperture to a depth close to that
of a pleura 204.

[66] In certain embodiments, the method 800 comprises detecting 808, by the
processor 132, 150, a pleura 204 in each of the plurality of images 300 of the video clip.
In various embodiments, the method 800 comprises detecting 808, by the processor 132,
150, at least one rib 202 in each of the plurality of images 300 of the video clip. In a
representative embodiment, the detection 808 of the pleura 204 is based at least in part on

the detection 808 of the at least one rib 202.

[67] In various embodiments, the method 800 comprises receiving a selection 804, by
the processor 132, 140, of a layout 402 of the set of lungs. The layout 402 comprises a
plurality of zones 404. The selected zone 404 is one of the plurality of zones 404 of the
layout 402. In a representative embodiment, the method 800 is performed for each of the
plurality of zones 404 of the layout 402. Each of the plurality of zones 404 of the layout

402 is associated with the accepted representative image 300, 614 to form a current
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examination representative image data set 612. In certain embodiments, the method
comprising displaying, by the display system 134, the layout 402 comprising a
representation of the assigned score 406 of the accepted representative image 300, 614 in
each of the plurality of zones 404 in the layout 402. In various embodiments, the method
800 comprises retrieving, by the processor 132, 170, a prior related examination
representative image data set 602 from an archive 138. The method 800 comprises
displaying, by the display system 134, the current examination representative image data
set 612 and the retrieved prior related examination representative image data set 602. In
a representative embodiment, the highlighting in each of the plurality of images 300 of
the video clip is one or more of a superimposed marker 302 corresponding with each of

the detected B lines 206 and colorized pixels of the detected B lines 206.

[68] Various embodiments provide a system comprising an ultrasound device 100 that
includes an ultrasound probe 104, a processor 132, and a display system 134. The
ultrasound probe 104 is operable to perform an ultrasound scan to acquire a video clip
having a plurality of images 300 in a selected zone 404 of a set of lungs. The processor
132, 150 may be operable to detect B lines 204 in each of the plurality of images 300 of
the video clip. The processor 132, 150 may be operable to assign a score 406, 616 to
each of the plurality of images 300 of the video clip based at least in part on the detected
number of B lines 206. The processor 132, 150 may be operable to highlight 302 the
detected B lines 206 in each of the plurality of images 300 of the video clip. The
processor 132, 160 may be operable to identify a representative image 300, 614 from the
plurality of highlighted images 300 of the video clip in the selected zone 404. The
identification of the representative image 300, 614 is based at least in part on the assigned
score 406, 616 of each of the plurality of images 300. The display system 134 may be

operable to display the identified representative image 300, 614.

[69] In a representative embodiment, the system comprises an archive 138. The
processor 132, 160 is operable to receive an operator instruction accepting the identified
representative image 300, 614 and store the accepted representative image 300, 614 in the
archive 138. In various embodiments, the system comprises a user input device 130
operable to provide the operator instruction to the processor 132, 160. In certain

embodiments, the system comprises an archive 138. The processor 132, 160 is operable
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to automatically store the identified representative image 300, 614 in the archive 138. In
a representative embodiment, acquisition and beamforming of the ultrasound scan is
optimized to highlight the B lines 206 by setting focus delays and an aperture to a depth
close to that of a pleura 204. In various embodiments, the highlighting 302 in each of the
plurality of images 300 of the video clip is one or more of a superimposed marker 302
corresponding with each of the detected B lines 206 and colorized pixels of the detected

B lines 206.

[70] Certain embodiments provide a non-transitory computer readable medium having
a stored thereon, a computer program having at least one code section that is executable
by a machine for causing the machine to perform steps 800 disclosed herein. Exemplary
steps 800 may comprise detecting 8§10 B lines 206 in each of a plurality of images 300 of
a video clip acquired by an ultrasound scan of a selected zone 404 of a set of lungs. The
steps 800 may comprise assigning 810 a score 406, 616 to each of the plurality of images
300 of the video clip based at least in part on the detected number of B lines 206. The
steps 800 may comprise highlighting 812 the detected B lines 206 in each of the plurality
of images 300 of the video clip. The steps 800 may comprise identifying 814 a
representative image 300, 614 from the plurality of highlighted images 300 of the video
clip in the selected zone 404 of the set of lungs. The identification of the representative
image 300, 614 may be based at least in part on the assigned score 406, 616 of each of
the plurality of images 300.

[71] In a representative embodiment, the steps 800 may comprise the step 802 of
optimizing acquisition and beamforming of the ultrasound scan to highlight the B lines

206 by setting focus delays and an aperture to a depth close to that of a pleura 204.

[72] As utilized herein the term "circuitry” refers to physical electronic components
(i.e. hardware) and any software and/or firmware ("code") which may configure the
hardware, be executed by the hardware, and or otherwise be associated with the
hardware. As used herein, for example, a particular processor and memory may comprise
a first “circuit” when executing a first one or more lines of code and may comprise a
second “circuit” when executing a second one or more lines of code. As utilized herein,

"and/or" means any one or more of the items in the list joined by "and/or". As an
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example, "x and/or y" means any element of the three-element set {(x), (y), (X, y)}. As
another example, "x, y, and/or z" means any element of the seven-element set {(x), (y),
(z), (X, 5), (x, ), (y, 2), (X, y, 2)}. As utilized herein, the term “exemplary” means
serving as a non-limiting example, instance, or illustration. As utilized herein, the terms
“e.g.,” and “for example” set off lists of one or more non-limiting examples, instances, or
illustrations. As utilized herein, circuitry is “operable” to perform a function whenever
the circuitry comprises the necessary hardware and code (if any is necessary) to perform
the function, regardless of whether performance of the function is disabled, or not

enabled, by some user-configurable setting.

[73] Other embodiments of the invention may provide a computer readable device
and/or a non-transitory computer readable medium, and/or a machine readable device
and/or a non-transitory machine readable medium, having stored thereon, a machine code
and/or a computer program having at least one code section executable by a machine
and/or a computer, thereby causing the machine and/or computer to perform the steps as
described herein for providing enhanced visualization and selection of a representative
ultrasound image by automatically detecting B lines and scoring images of an ultrasound

scan.

[74] Accordingly, the present invention may be realized in hardware, software, or a
combination of hardware and software. The present invention may be realized in a
centralized fashion in at least one computer system, or in a distributed fashion where
different elements are spread across several interconnected computer systems. Any kind
of computer system or other apparatus adapted for carrying out the methods described
herein is suited. A typical combination of hardware and software may be a general-
purpose computer system with a computer program that, when being loaded and
executed, controls the computer system such that it carries out the methods described

herein.

[75] FIG. 9 is a flow chart 900 illustrating exemplary steps 902-924 that may be
utilized for providing enhanced visualization and selection of a representative ultrasound
image 300 by automatically detecting B lines 206 and scoring images 300 of an

ultrasound scan, in accordance with an embodiment of the invention. Referring to FIG.
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9, there is shown a flow chart 900 comprising exemplary steps 902 through 924. Certain
embodiments of the present invention may omit one or more of the steps, and/or perform
the steps in a different order than the order listed, and/or combine certain of the steps
discussed below. For example, some steps may not be performed in certain embodiments
of the present invention. As a further example, certain steps may be performed in a

different temporal order, including simultaneously, than listed below.

[76] At step 902, the ultrasound system 100 may receive image acquisition parameters
for an ultrasound scan. For example, the parameter selection module 140 of the signal
processor 132 may retrieve image acquisition parameters from an archive 138. The
retrieved image acquisition parameters may be default parameters or parameters used in a
related ultrasound examination. As another example, an operator may input or adjust
image acquisition parameters to the parameter selection module 140 via a user input
module 130. The imaging acquisition parameters may include gain, depth, focus, and the
like. The parameter selection module 140 may select or suggest image processing
parameters for optimizing B line 206 visualization in the acquired ultrasound images 300,
such as by choosing or suggesting image acquisition parameters that optimize acquisition
and beamforming of the ultrasound scan to highlight the B lines by setting focus delays
and an aperture to a depth close to that of a pleura. The image acquisition parameters

selected for the ultrasound scan may be stored in the archive 138.

[771 At step 904, an operator may select a layout 402 and/or zone 404 for ultrasound
image acquisition. For example, an ultrasound scan of the lungs may be performed in
multiple zones 404. The number of zones 404 and layout 402 of the zones 404 may be
selected or configured by an operator. As an example, the layout 402 can have two rows
and two columns at each lung for a total of eight zones 404 as illustrated in FIG. 5. The
operator may also have the option to choose other layouts, such as a grid having three
rows and two columns at each lung for a total of twelve zones 404, or any suitable layout
402. In various embodiments, the layout 402 may be selected or configured by the
operator via a user input module 130. In certain embodiments, a default layout 402 may
be automatically selected by the signal processor 132 and/or a layout 402 may be
imported from an archive 138 based on a previous examination layout. Once a layout

402 1s selected, an operator or a default may select a first zone 404 to image. After
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completing steps 906 through 923 below, the flow chart may return to step 904 to select a
next zone 404 to image and continue cycling through the steps 904 through 924 of the

flow chart until all zones 404 have been completed.

[78] At step 906, the ultrasound probe 104 in the ultrasound system 100 may be
operable to perform an ultrasound scan of the zone 404 selected at step 904. The
ultrasound scan may result in a video clip having a plurality of frames acquired over the
duration of at least one breathing cycle. The breathing cycle can be detected
automatically, by a specified duration, or by an operator, among other things. For
example, if a patient is using a ventilator, the ventilator can provide a signal to the signal
processor 132 identifying the breathing cycle duration. As another example, the
breathing cycle may be defined by an operator input at a user input module 130 or be a
default value, such as 3-5 seconds. Further, an operator may identify the end of a
breathing cycle by providing an input at the user input module 130, such as by pressing a

button on the ultrasound probe 104.

[79] At step 908, the B line processing module 150 of the signal processor 132 may
identify ribs 202 and pleura 204 in each image 300 of the acquired video clip. For
example, the B line processing module 150 of the signal processor 132 may apply image
detection techniques and/or algorithms to automatically detect ribs 202 as superficial
hyper-echoic structures with dark shadows that extend to the bottom of the image 300
and may search the image data for the bright horizontal section that identifies the pleura
204. In an exemplary embodiment, the pleura 204 may be identified based at least in part
on the location of the detected ribs 202. In various embodiments, identification of the
ribs 202 may be omitted. For example, if the ultrasound probe 104 is placed between two

ribs during image acquisition, the ribs 202 may not be imaged.

[80] At step 910, the B line processing module 150 of the signal processor 132 may
detect B lines 206 in each image 300 of the acquired video clip and score each image 300
based at least in part on the detected number of B lines 206. For example, the B line
processing module 150 may apply image detection techniques and/or algorithms to
search the image data for bright vertical lines that extend from the detected pleura 204

and between identified ribs 202 to the bottom of the ultrasound image 300. The B line
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processing module 150 of the signal processor 132 scores each of the ultrasound images
300 in the video clip based at least in part on the detected B lines 206. As an example,
the B line processing module 150 may apply an algorithm to count the detected number
of B lines 206, which may help contribute to the score. In various embodiments, the B
line processing module 150 may additionally account for one or more of B line intensity,
the area of converging B lines, and the widths of the B lines in providing the score for an
ultrasound image 300. The score may be a number or grade that corresponds with one of
a plurality of categories, such as mild, moderate, and severe conditions, among other
things. In certain embodiments, the B line processing module 150 may perform a check
for probe 104 motion and can suspend scoring of the ultrasound images if the probe 104

is moving.

[81] At step 912 the B line processing module 150 may detect a width of the B lines in
each of the images in the video clip. The B line processing module 150 may apply image
detection techniques and/or algorithms to search the image data for bright vertical lines
that extend from the detected pleura 204 and between identified ribs 202 to the bottom of
the ultrasound image 300. The B line processing module may look for changes in
intensity and/or apply other types of algorithms to detect the edges of each of the detected
B lines 206. In an embodiment, the B line processing module 150 may detect the width
of the B lines 206 at a predetermined depth or the operator may select the depth.
According to an embodiment, the predetermined depth may be a predetermined depth

from the pleura.

[82] At step 914, the B line processing module 150 sorts the B lines in each of the
images of the video clip into a first group and a second group based on the width of each
of the B lines. According to one embodiment, the B lines may be sorted into two groups:
a first group including narrower B lines and a second group including wider B lines.
According to an exemplary embodiment, the narrower B lines may be less than 4 mm
wide, while the wider B lines may be greater than 4 mm wide. It should be appreciated
that the threshold width distinguishing the “narrower” B lines from the “wider” B lines
may be different in other embodiments. Additionally, in other embodiments, the B lines

may be grouped into 3 or more different categories. In some embodiments, one or more
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of the threshold values used to sorts the B lines in to the two or more groups may be user-

selectable.

[83] Atstep 916, the B line processing module 150 scores each image based at least in
part on both the number of B lines 206 and the widths of the B lines 206 in each of the
images. The scoring of each image may be used to identify the best image from the video
clip for display as a representative image. According to an embodiment, the image with
the highest score may correspond to the image with the most severe level of B lines. As
discussed above, the severity of the B lines is in some cases indicative of the level of
pulmonary edema. As such, it may be desirable to display the image from the video clip
with the most severe B lines. Both the number of B lines and the widths of the B lines in

each image may be used to determine the image with the most severe B lines.

[84] The B line processing module 150 of the signal processor 132 scores each of the
ultrasound images 300 in the video clip based at least in part on the width of each of the
detected B lines 206. As an example, the B line processing module 150 may apply an
algorithm that accounts for the widths of the B lines 206 when assigning the score. The
score may be a number or grade that corresponds with one of a plurality of categories,
such as mild, moderate, and severe conditions, among other things. According to an
embodiment, wider B lines may contribute more strongly to the score than narrower B
lines. The B line processing module 150 may have predetermined categories regarding
the widths of the B lines. For example, the B line processing module 150 may have 2, 3
or more different categories or bins for the widths of the B lines. The range of widths for
each of the different categories or bins may be predetermined or, in other embodiments,
the range of widths for each of the categories or bins may be user selectable. In other
embodiments, the B line processing module 150 may use the measured width of each of
the B lines 206 directly without applying a categorization or binning step in order to

determine the score for each individual image.

[85] According to an embodiment, at step 916, the B line processing module, uses
both the number of B lines and the widths of the B lines in each image to determine the

score for each image in the video clip.
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[86] In an exemplary embodiment, the B lines that are considered to be narrower may
be given a width score of 1 and the B lines that are considered to be wider may be given a
width score of 2. In other embodiments, the B lines considered to be wider may be given
a width score that ranges from 2-10 based on the width of the B line. Wider B lines may
be given a higher width score. The score of each image may, for instance, be determined
by adding the width scores of all the B lines in each image. The width score functions to
weight the wider B lines more heavily than the narrower B lines. This means that an
image with wider lines would have a higher score than an image with the same number of
narrower B lines. It should be appreciated by those skilled in the art that other methods
of assigning a score to each image based on both the detected number of B lines and the
width of each of the B lines may be used. Using the widths of the B lines in addition to
the number of B lines results in a more accurate identification of the image with the most
severe B lines, which is clinically useful for accurately diagnosing and categorizing the

severity of pulmonary edema evident in a given patient.

[87] At step 918, the B line processing module 150 of the signal processor 132 may
highlight the B lines in the first group differently than then B lines in the second group.
For example, the B line processing module 150 may differntially highlight the detected B
lines 206 by superimposing a marker 302 on the image 300, colorizing the ultrasound
pixels representing the B lines in the image 300, and/or any suitable manner for
differentially highlighting the B lines in the first group (i.e., with narrower widths) from
the B lines in the second group (i.e., with wider widths). In various embodiments, the
ultrasound images 300 having the marker(s) 302 identifying the B line(s) 206 may be
dynamically presented at a display system 134 such that an operator of the ultrasound

probe 104 may view the marked images 300 in substantially real-time.

[88] The B line processing module 150 may highlight the width of each of the B lines
by adding a pair of indicators to show the pair of edges of each of the B lines. Each of
the indicators in the pair of indicators may be a line, a dashed line, a dotted line, or any
other type of indicator that marks each edge of each B line. The spacing between the pair
of indicators used to mark each of the B lines will be narrower for B lines in the first
group and wider for B lines in the second group. In other embodiments, the B line

processing module 150 may highlight the widths of each of the B lines by using multiple
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different graphical indicators. In an embodiment, the B line processing module 150 may
colorize the pixels representing the B line in the representative image. For instance, the
B line processing module 150 may highlight the B lines in the first group by colorizing a
first plurality of pixels representing each of the B lines in the first group a first color. The
B line processing module 150 may also highlight the B lines in the second group
differently than the B lines in the first group. For example, the B line processing module
150 may highlight the B lines in the second group by colorizing a second plurality of
pixels representing each of the B lines in the second group a second color that is different
than the first color. The B line processing module 150 may colorize the pixels of all the
B lines in the first group (i.e., the narrower B lines) with a first color and colorize the
pixels of all the B lines in second group (i.e., the wider B lines) with a second color that
is different than the first color. It should be appreciated that more than two different
colors may be used to colorize the pixels of the various B lines if the B line processing

module 150 is used to divide the B lines into more than two different groups.

[89] In another embodiment, the B line processing module 150 may highlight the
widths the use of other graphical indicators. For example, the B line processing module
150 may superimpose a first graphical indictor on the B lines in the first group (i.e., the
narrower B lines) and superimpose a second graphical indicator on the B lines in the
second group (i.e., the wider B lines). The first graphical indicator may be a different
shape or color than the second graphical indicator. In some embodiments, a line, such as
a solid line, a dashed line or a dotted line, may be used to highlight the B lines. Other
shapes may be used as graphical indicators according to other embodiments. The first
graphical indicator may include a line or other shape of a first color and the second
graphical indicator may include a line or other shape of a second color that is different
than the first color. While exemplary embodiments using a line as the shape are
described, it should be appreciated that graphical indicators of any other shape may be
used according to other embodiments. The B line processing module 150 may highlight
the widths of the B lines in each of the images in real time or in near real time. This
provides the clinician with feedback in real-time about severity of the B lines in the

images that are part of the video clip.
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[90] At step 920, the representative frame selection module 160 may identify a
representative image 300 from the images of the video clip in the selected zone 404 based
at least in part on the image score. For example, the representative frame selection
module 160 may be operable to review each image 300 of a video clip and automatically
select the image 300 with a highest score depicting a most severe level of B lines 206.
The representative frame selection module 160 may automatically select the frame 300 of
the video clip based on both the number of B lines and the widths of the B lines in each
image. Additionally, the representative frame selection module 160 may account for a B
line intensity or area of the B lines when selecting the representative image 300. For
example, the B line intensity or area of the B lines may be a tiebreaker if more than one

of the frames 300 of the video clip has the same number of detected B lines 206.

[91] At step 922, the processor 132 may display the representative image on the
display system 134. As discussed with respect to step 915, the widths of the B lines may
be highlighted on the displayed representative image. And, according to an exemplary
embodiment, the B lines in the first group may be highlighted with a first graphical
indicator and the B lines in the second group may be highlighted with a second graphical

indicator.

[92] At step 924, the operator may provide an instruction at the user input module 130
to accept and store the representative image 300 selected by the representative frame
selection module 160. Additionally or alternatively, the operator may manually select the
representative image 300 or continue to acquire ultrasound data over additional breathing
cycles until a suitable representative image 300 is presented to the operator for
acceptance. For example, the operator may activate a button 130 on the ultrasound probe
104 or any suitable user input module 130 to accept the representative image 300 selected
by the representative frame selection module 160. The accepted frame 300 may be stored
in the archive 138, which may be a local archive or PACS, for example, to document the
representative image 300 selected for the particular zone of the lung. After completing
step 816, the flow chart may return to step 804 to select a next zone 404 to image and
continue cycling through the steps 804 through 816 of the flow chart until all zones 404

have been completed.
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[93] FIG. 10 is a screenshot of an exemplary enhanced ultrasound image 940 of a
portion of a lung in accordance with an embodiment. Fig. 10 is one example of an image
that may be displayed at step 922 of the method 900. The image 940 including a first B
lines 942 and a second B line 944. The first B line 942 is narrower than the second B
line 944. A first pair of indicators 950 is superimposed on the second B line 944 to
highlight the width of the first B line 942. A second pair of indicators 951 is
superimposed on the second B line 944. The first pair of indicators 950 includes a first
indicator 952 and a second indicator 954. The first and second indicators 952 and 954
are dashed lines in the embodiment shown in Fig. 10, but the indicators may be solid
lines, dotted lines or any other shape that may be used to indicate the edges of each B
line. A line 956 graphically shows the width of the first B line 942 at a predetermined
depth. The pair of indicators 950 may be superimposed on the image 940 by the B line
processing module 150. The pair of indicator 950 provides a quick visual reference to the

user regarding the width of the first B line.

[94] FIG. 11 is a screenshot of an exemplary enhanced ultrasound image 960 of a
portion of a lung in accordance with an embodiment. Fig. 11 is one example of an image
that may be displayed at step 922 of the method 900. The image 960 includes a B line
962, a first indicator 964 and a second indicator 966. The first indicator 964 is used to
indicate a first edge of the B line 962 and the second indicator 966 is used to indicate a
second edge of the B line 962. The first and second indicators (964, 966) may be

superimposed on the image 960 by the B line processing module 150.

[95] FIG. 12 is a screenshot of an exemplary enhanced ultrasound image 970 of a
portion of a lung in accordance with an embodiment. Fig. 12 is one example of an image
that may be displayed at step 922 of the method 900. The image 970 includes 4 B lines:
a first B line 972 and a second set of B lines 974. A first dashed line 976 is superimposed
on the first B line 972 and dashed lines 974 are superimposed on the second set of B lines
974. The first B line 972 is narrower than each of the B lines in the second set of B lines
974. The first dashed line 976 highlighting the first B line 972 may be a different color
than each of the dashed lines 978 highlighting each of the second set of B lines 974. In
the embodiment shown in Fig. 12, color is used to highlight the width of the B lines.
Specifically, the marker (i.e the first dashed line 974) superimposed on the first B line is a
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first color to represent that the first B line is wider and the markers (i.e. the second set of
dashed lines 978) superimposed on the second set of B lines 974 are a second color to

indicate that the second set of B lines are narrower than the first B line 976.

[96] The present invention may also be embedded in a computer program product,
which comprises all the features enabling the implementation of the methods described
herein, and which when loaded in a computer system is able to carry out these methods.
Computer program in the present context means any expression, in any language, code or
notation, of a set of instructions intended to cause a system having an information
processing capability to perform a particular function either directly or after either or both
of the following: a) conversion to another language, code or notation; b) reproduction in

a different material form.

[97] While the present invention has been described with reference to certain
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted without departing from the scope of the
present invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the present invention without departing from its
scope. Therefore, it is intended that the present invention not be limited to the particular
embodiment disclosed, but that the present invention will include all embodiments falling

within the scope of the appended claims.
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CLAIMS

What is claimed is:

l. A method, comprising:

performing, by an ultrasound probe of an ultrasound system, an ultrasound scan to
acquire a video clip having a plurality of images in a selected zone of a set of lungs;

detecting, by a processor of the ultrasound system, B lines in each of the plurality
of images of the video clip;

detecting a width of each of the B lines in each of the plurality of images;

sorting, by the processor, the B lines into a first group and a second group based on
the width of each of the B lines, where the B lines in the first group have a narrower
width than the B lines in the second group;

assigning a score, by the processor, to each of the plurality of images of the video
clip based at least in part on both the detected number of B lines and the width of each of
the B lines;

highlighting, by the processor, the B lines in the first group differently than the B
lines in the second group in each of the images of the video clip;

identifying, by the processor, a representative image from the plurality of images
of the video clip in the selected zone, the identification of the representative image based
at least in part on the assigned score of each of the plurality of images; and

displaying, by a display system of the ultrasound system, the identified

representative image.

2. The method according to claim 1, where the highlighting comprises superimposing
a pair of indicators on a pair of edges for each of the B lines in each of the images in the

video clip.

3. The method according to claim 1, where the highlighting comprises superimposing
a first graphical indicator on each of the B lines in the first group and a second graphical
indicator on each of the B lines in the second group, where the first graphical indicator is

different than the second graphical indicator.
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4. The method according to claim 3, where the first graphical indicator comprises a
superimposed marker of a first color and the second graphical indictor comprises a
superimposed marker of a second color, where the first color is different than the second

color.

5. The method according to claim 3, where the first graphical indicator comprises a

different shape than the second graphical indicator.

6. The method of according to claim 1, where the highlighting comprises colorizing
with a first color a first plurality of pixels representing the B lines in the first group, and
colorizing with a second color a second plurality of pixels representing the B lines in the

second group, where the first color is different than the second color.

7. The method of claim 1, wherein said highlighting, by the processor, the B lines in
the first group differently than the B lines in the second group in each of the images of

the video clip occurs in real time.

8. The method of claim 1, further comprising storing the video clip in an archive and
accessing the video clip from the archive before said detecting B lines in each of the

plurality of images of the video clip.

9. The method of claim 1, comprising receiving a selection, by the processor, of a
layout of the set of lungs, wherein the layout comprises a plurality of zones, and wherein

the selected zone is one of the plurality of zones of the layout.

10.  The method according to claim 9, comprising performing the method of claim 1
for each of the plurality of zones of the layout, wherein each of the plurality of zones of
the layout is associated with the accepted representative image to form a current

examination representative image data set.
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11.  The method according to claim 10, comprising displaying, by the display system,
the layout comprising a representation of the assigned score of the accepted

representative image in each of the plurality of zones in the layout.

12. The method according to claim 1, comprising:

retrieving, by the processor, a prior related examination representative image data
set from an archive, and

displaying, by the display system, the current examination representative image

data set and the retrieved prior related examination representative image data set.

13. A system, comprising:
an ultrasound device comprising:
an ultrasound probe operable to perform an ultrasound scan to acquire a video clip
having a plurality of images in a selected zone of a set of lungs;
a processor operable to:
detect B lines in each of the plurality of images of the video clip,
detect a width of each of the B lines;
sort the B lines into a first group and a second group based on the width of
each of the B lines, where the B lines in the first group have a narrower width than
the B lines in the second group;
assign a score to each of the plurality of images of the video clip based on
both the number of B lines and the widths of the B lines;
highlight the B lines in the first group differently than the B lines in the
second group in each of the images in the video clip; and
identify a representative image from the plurality of highlighted images of the
video clip in the selected zone, the identification of the representative image based
at least in part on the assigned score of each of the plurality of images;

a display system operable to display the identified representative image.
14.  The system according to claim 13, where the processor is operable to highlight the

B lines in the first group with a first graphical indicator and to highlight the B lines in the

second group with the second graphical indicator on each of the images of the video clip.
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15.  The system according to claim 14, where the processor is operable to highlight the
B lines in the first group with a first graphical indicator and to highlight the B lines in the
second group with the second graphical indicator on each of the plurality of images of the

video clip in real time.

16.  The system according to claim 13, where highlighting comprises colorizing with a
first color a first plurality of pixels representing the B lines in the first group in each of
the plurality of images in the video clip, and colorizing with a second color a second
plurality of pixels representing the B lines in the second group in each of the plurality of

images in the video clip, where the first color is different than the second color.

17.  The system according to claim 16, where the processor is operable to colorize the
first plurality of pixels with the first color and the second plurality of pixels with the

second color in real time.

18. A non-transitory computer readable medium having stored thereon, a computer
program having at least one code section, the at least one code section being executable
by a machine for causing the machine to perform steps comprising:

detecting B lines in each of a plurality of images of a video clip acquired by an
ultrasound scan of a selected zone of a set of lungs;

detecting a width of each of the B lines in each of the plurality of images;

sorting the B lines into a first group and a second group based on the width of
each of the B lines, where the B lines in the first group have a narrower width than the B
lines in the second group;

assigning a score to each of the plurality of images of the video clip based at least
in part on both the detected number of B lines and the width of each of the B lines in each
of the highlighted images;

highlighting the B lines in the first group differently than the B lines in the second

group in each of the plurality of images of the video clip; and
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identifying a representative image from the plurality of images of the video clip in
the selected zone of the set of lungs, the identification of the representative image

based at least in part on the assigned score of each of the plurality of images.

19.  The non-transitory computer readable medium according to claim 18, where the
highlighting comprises superimposing a first graphical indicator on each of the B lines in
the first group and superimposing a second graphical indicator on each of the B lines in
the second group, where the first graphical indicator is different than the second graphical

indicator.

20.  The non-transitory computer readable medium according to claim 18, where the
highlighting comprises colorizing with a first color a first plurality of pixels representing
the B lines in the first group, and colorizing with a second color a second plurality of
pixels representing the B lines in the second group, where the first color is different than

the second color.

40



PCT/US2017/051500

WO 2018/063811

1/12

1 "Old

o

A

0ET
SINPON
induj Jasn
A 4
el
10ss800.d
[eubis
8cT > OZT || 09F
BAIYDIY
OGI || OFF
Iy
>
el

walsAg Aeidsig

Ol/44

ver
108522014

44

A

[ Y
Jowlojwesg

BAI803Y

h -

AAAAA

[
&Y
&
(@]
<

801

vOF
8qoid

9t i
49 dv 49 dv
ans xd qng X1

A

h -
h -
h -

BIT
18A1808Y

A

20t
Jonwisuel |

A

OFF
Jowlojwesg

nwsuel |

001



WO 2018/063811

2/12

PCT/US2017/051500

-- PRIOR ART --

FIG. 2



WO 2018/063811

3/12

PCT/US2017/051500

FIG. 3



WO 2018/063811

4/12

PCT/US2017/051500

FIG. 4



PCT/US2017/051500

WO 2018/063811

5/12

g "Old

00%

-




PCT/US2017/051500

WO 2018/063811

6/12

SIS

9 "Old

== 1HdV HOl4dd -

o1eJopOo\

PIIIA




PCT/US2017/051500

WO 2018/063811

712

=z

i
PIPIIIIPI IS

L "Old

N
3
3
S
Y
3
3
3
3
3
3y
3
3
3
3
3
3
3
3

NRRRRARANY,

z
3
3
3
3
z
3
3
Z
3
3
z
3
3
3
z 4
3
3
3
3
3
3
3
3
3
3
3
z
3




PCT/US2017/051500
8/12

WO 2018/063811

8 "OId

abeiols Joy abew aaneuasaldal paynuspl oyl Buiidesoe uononisul Jojelado ue aAIg0aYy

1

918 A

—

a109s abew
ay] uo ued ul 1sk9| 1 paseq auoz paidd|os ayl ul dijd 0dpIA ayl Jo sabewl ay) woly abewi saljeiluasaldal e Ajjuap|

<] A

1

¥

—

dijo o9pIA By} Jo abewl yora uo saull g paidalaep ayl wbiybiH

1

218 A

—

saul| g Jo Jaquinu
pa1091op 2y uo Led ul ises| Je paseq abew yora 2109s pue dijo oapia palinboe ay) jo abewi yoes ul saul| g 10918Qg

8 A

1

0

—

dijo 0spIA palinboe ay) Jo abew yoea ul vina|d pue squ Ajuap)

1

808 A

o

au0z pa1d9|as oyl ul sabew jo Ajeinid e Buiaey dijo 0apia e ainboe 0] UROS puUNOSeI]N Ue WIoLad

1

908 A

Q

uoisinboe abewr punoses)n 1o} 8UOZ J0/puk INOAER| B 109|188 -—

1

08 A

o

UROS punoseJ)n ue 1o} sialoweled uopisinboe abew) aalgoay

3 vfl\/

008

1

4

Q



WO 2018/063811 PCT/US2017/051500

9/12

900\

Receive image acquisition parameters for an ultrasound scan [~—902

v

Select a layout and/or zone for ultrasound image acquisition [~—-904

v

Perform an ultrasound scan to acquire a video clip having
a plurality of images in the selected zone

v

Identify ribs and pleura in each image of the acquired video clip ~—908

v

——906

Detect B lines in each image of the acquired video clip ~—910
Detect width of each of the B lines in the images ~— 912

v

Sort the B lines into a first group and a second group based

. . —~—014
on width of each of the B lines
Score each image based on number of B lines and widths of
. —~—9016
B lines
Highlight the B lines in the first group differently from the B lines
—~—018

in the second group in each of the images in the video clip

v

Identify a representative image from the images of the video clip

in the selected zone based at least in part on the image score 920
Display the representative image based at least in part on the
: ~— 022
image score
Receive an operator instruction accepting the identified
——024

representative image for storage

FIG. 9




WO 2018/063811 PCT/US2017/051500

10/12

942 950
951 950
044 951 954



WO 2018/063811 PCT/US2017/051500

11/12




WO 2018/063811 PCT/US2017/051500

12/12

974

976 972 974 974

FIG. 12



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/051500

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B8/08
ADD.

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

B. FIELDS SEARCHED

A61B

Minimum documentation searched (classification system followed by classification symbcls)

Documentation searched cther than minimum decumentaticn to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electrenic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

1 January 2015 (2015-01-01)
paragraphs [0056] - [0059],
[0095], [0103] - [0104],

[0115]; figures

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2014/195742 Al (SVEUCILISTE U RIJECI 1-20
MEDICINSKI FAKULTET [HR])
11 December 2014 (2014-12-11)
the whole document
A WO 20137181300 A1 (UNIV LELAND STANFORD 1-20
JUNIOR [US]) 5 December 2013 (2013-12-05)
paragraphs [0006], [0059] - [0071];
figures
A US 2015/002538 AL (SOHN KIWON [KR] ET AL) 1-20

[0079],

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited decuments :

"A" document defining the general state of the art which is not considered

to be of particular relevance

earlier application or patent but published on or after the international
filing date

U=

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"Qr

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
comhbined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

21 December 2017

Date of mailing of the international search report

23/01/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Kiister, Gunilla

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/051500

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indioation, where appropriate, of the relevant passages Relevant to olaim No.

A LAURA J. BRATTAIN ET AL: "Automated 1-20
B-Line Scoring on Thoracic Sonography",
JOURNAL OF ULTRASOUND IN MEDICINE.,

vol. 32, no. 12,

1 December 2013 (2013-12-01), pages
2185-2190, XP055437464,

United States

ISSN: 0278-4297, DOI:
10.7863/ultra.32.12.2185

section "B-Line Scoring Algorithm" on p.
2187-2188

A MOSHAVEGH RAMIN ET AL: "Novel automatic 1-20
detection of pleura and B-lines
(comet-tail artifacts) on in vivo lung
ultrasound scans",

PROGRESS IN BIOMEDICAL OPTICS AND IMAGING,
SPIE - INTERNATIONAL SOCIETY FOR OPTICAL
ENGINEERING, BELLINGHAM, WA, US,

vol. 9790, 1 April 2016 (2016-04-01),
pages 97900K-97900K, XP060065636,

ISSN: 1605-7422, DOI: 10.1117/12.2216499
ISBN: 978-1-5106-0027-0

sections "2. Materials and Methods" and
"4. Conclusion"

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/051500
Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2014195742 Al 11-12-2014 HR P20130491 A2 05-12-2014
WO 2014195742 Al 11-12-2014
WO 2013181300 Al 05-12-2013 US 2015150503 Al 04-06-2015
WO 2013181300 Al 05-12-2013
US 2015002538 Al 01-01-2015 KR 20150002932 A 08-01-2015
US 2015002538 Al 01-01-2015
WO 2014208971 Al 31-12-2014

Form PCT/ISA/210 (patent family annex) (April 2005)




patsnap

TREMOF) ATBEIEzRNUbEFEFAFNIT,BEREE T LAERRREBEFRGHNFENRSE
DI (RE)S EP3518771A1 2019-08-07
RiES EP2017777121 2017-09-14

FRIFRB(RFR)AGE) BRABRKKHE
RF(EFR)AGE) BABRSANTH
HARBHEANR)AGE) BRESLH

[FRIRBAA HALMANN MENACHEM
SOKULIN ALEXANDER
LYSYANSKY PETER
OWEN CYNTHIA

KA HALMANN, MENACHEM
SOKULIN, ALEXANDER
LYSYANSKY, PETER
OWEN, CYNTHIA

IPCH =S A61B8/08

CPCH¥%(= A61B8/0833 A61B8/463 A61B8/48 A61B8/5207 A61B8/5223
Lt 15/279616 2016-09-29 US

ShEREERE Espacenet

BEF)

BERERNE—AMNEEXKETFEES N EGHNNMBIE, BF %K

ERNZANEGTNENEGTHBL (942,944 ) AN EZBLNE

E. BFRBEETHENBLIENE—HNE-H , ETBLHHKEMN
BIBLHNRESESE , HEREERE—HHHBLTRETENEE
FE AP BT, BEERENSMNEGFRIRNKREGHAL RIRAN
REBEG (940) . RHERATLBIFEF—XE R (950,951 ) BANE
BITHME— T —Xia% L,


https://share-analytics.zhihuiya.com/view/d8cfcaba-883b-4c43-a331-6a4bd20cf93f
https://worldwide.espacenet.com/patent/search/family/059974867/publication/EP3518771A1?q=EP3518771A1

