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ULTRASOUND DETERMINATION OF DYNAMIC AIR BRONCHOGRAM AND
ASSOCIATED DEVICES, SYSTEMS, AND METHODS

RELATED APPLICATION
This application claims the benefit of and priority to U.S. Provisional No. 62/238,361,
filed February 9, 2018, and International Application No. PCT/CN2017/097624, filed August 16,

2017, the entireties of which are incorporated by reference.

TECHNICAL FIELD

[0001] The present disclosure relates generally to ultrasound imaging and, in particular, to

providing automated systems and methods for identifying the presence of a dynamic air

bronchogram (AB) indicative of pneumonia based on lung ultrasound imaging.

BACKGROUND

[0002] Pneumonia (PN) is a common disease worldwide, with about 2 million to about 3

million cases diagnosed annually in the United States. The symptoms of PN may include high
fever, cough, shortness of breath, chest pain, and/or other respiratory-related symptoms.

Physical examinations (e.g., listening to an area over the chest for lung sounds) may not be
effective or reliable for detection of PN at an early stage. One of the commonly used techniques
for PN diagnosis is chest radiography (CXR). However, bedside CXR may provide limited
image quality. In addition, CXR is a time-consuming procedure for emergency situations and
the interpretation of bedside CXR may be challenging, requiring extensive radiologic experience
to avoid misinterpretation of the wide spectrum of pleural and pulmonary diseases. Further, final
results may have a high variability among radiologists. An improved approach to diagnosing PN
compared to bedside CXR is to use thoracic computerized tomography (CT) imaging. However,
CT imaging can be expensive and may have a higher radiation exposure than CXR. Thus, CT
imaging may not be suitable for routine-diagnostics in emergency department, critical care units
(CCUs), or intensive care units (ICUs), especially for young children and pregnant women.
[0003] Ultrasound imaging, especially point-of-care ultrasound (POC-US) at bedside, has
gain popularity ICUs and emergency situations for various types of diagnostics. Recent studies

have shown that lung ultrasound imaging can be useful and effective in diagnosis of PN with a
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relatively high accuracy. For example, ultrasound images may not show useful or adequate
information for a normal aerated lung, whereas a lung consolidation may appear as bright spots
or bright structures under ultrasound imaging. In addition, the appearance of brightness (B)-lines
in ultrasound images may be indicative of PN at an early stage. Thus, POC lung ultrasound
imaging can be useful and attractive for PN diagnosis. However, ultrasound imaging-based PN
diagnosis may require a well-trained or experienced physician or clinician to analyze and
interpret acquired lung image. Currently, there is no effective tool in guiding inexperience users

for screening and diagnosis of PN.
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SUMMARY

[0004] While existing ultrasound lung imaging has proved useful for diagnosis of PN, there
remains a clinical need for improved systems and techniques for providing low-cost and easily
interpreted PN diagnostic results. Embodiments of the present disclosure provide mechanisms
for diagnosing PN by identifying and indicating the presence of a dynamic air bronchogram
(AB) based on lung ultrasound images in an automated manner. Under lung ultrasound imaging,
dynamic ABs correspond to bright spots or pixels that change or move over time due to
respiratory cycles. In one embodiment, dynamic AB is identified based on a variation of a
number of bright spots or pixels across a number of image frames over time. In another
embodiment, dynamic AB is identified based on a temporal intensity variation of bright spots or
pixels across a number of image frames over time. In yet another embodiment, the appearance
of bronchial trees corresponding to dynamic ABs are enhanced in lung ultrasound images by
accumulating differences across image data frames over time.

[0005] In one embodiment, an ultrasound imaging system is provided. The ultrasound
imaging system includes an interface coupled to an ultrasound imaging component and
configured to receive a plurality of image data frames representative of a subject’s body
including at least a portion of a lung; a processing component in communication with the
interface and configured to determine a metric for each image data frame of the plurality of
image data frames based on a threshold comparison; and determine a dynamic air bronchogram
(AB) condition of the subject’s body based on a variation across the metrics of the plurality of
image data frames.

[0006] In some embodiments, each image data frame includes a plurality of pixel values
representing pixel intensities of an image of the subject’s body. In some embodiments, the
plurality of image data frames represent images of the subject’s body across a time period
including at least one respiratory cycle. In some embodiments, the processing component is
configured to determine the metric for each image data frame of the plurality of image data
frames by determining a number of the plurality of pixel values in each image data frame that
satisfies a threshold. In some embodiments, the processing component is configured to
determine the dynamic AB condition by determining a ratio between a maximum of the metrics

and a minimum of the metrics; and determining the dynamic AB condition based on the ratio. In
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some embodiments, the processing component is further configured to identify a region-of-
interest (ROI) from the plurality of image data frames corresponding to the at least a portion of
the lung; and determine the metrics based on the ROL In some embodiments, the ultrasound
imaging system further includes a display component configured to display a result of the
dynamic AB condition. In some embodiments, the ultrasound imaging system further includes
an ultrasound imaging probe including the ultrasound imaging component; the processing
component; and a display component configured to display a result of the dynamic AB
condition.

[0007] In one embodiment, an ultrasound imaging system is provided. The ultrasound
imaging system includes an interface coupled to an ultrasound imaging component and
configured to receive a plurality of image data frames representative of a subject’s body
including at least a portion of a lung; a processing component in communication with the
interface and configured to determine differential data frames based on differences across
consecutive image data frames of the plurality of image data frames; determine an accumulated
data frame based on a sum of the differential data frames; and determine a dynamic air
bronchogram (AB) condition of the subject’s body based on the accumulated data frame.

[0008] In some embodiments, the plurality of image data frames represent images of the
subject’s body across a time period including at least one respiratory cycle. In some
embodiments each image data frame includes a plurality of pixel values representing pixel
intensities of an image of the subject’s body. In some embodiments, each differential data frame
includes a plurality of difference values, wherein the processing component is further configured
to determine each differential data frame by determining each difference value of the plurality of
difference values by determining an absolute difference between a pixel value of a first data
frame of the plurality of image data frames and a pixel value of a second data frame of the
plurality of image data frames, wherein the first data frame is adjacent to the second data frame,
and wherein the pixel value of the first data frame and the pixel value of the second data frame
represents a same sub-portion of the at least a portion of the lung. In some embodiments, each
differential data frame includes a first plurality of pixel values, wherein the accumulated data
frame includes a plurality of sum values, and wherein the processing component is further

configured to determine the dynamic AB condition by determining each sum value of the
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plurality of sum values by accumulating a second plurality of pixel values across the differential
data frames, wherein the second plurality of pixel values across the differential data frames
represent a same portion of the subject’s body; and determining the dynamic AB condition based
on the plurality of sum values. In some embodiments, the ultrasound imaging system of claim 9,
further comprising a display component configured to display the accumulated data frame.
[0009] In one embodiment, an ultrasound imaging system is provided. The ultrasound
imaging system includes an interface coupled to an ultrasound imaging component and
configured to receive a plurality of image data frames representative of a subject’s body
including at least a portion of a lung; a processing component in communication with the
interface and configured to identify a subset of data from the plurality of image data frames
based on a threshold comparison; and determine a dynamic air bronchogram (AB) condition of
the subject’s body based on a temporal variation across the subset of data.

[0010] In some embodiments, each image data frame of the plurality of image data frames
includes a plurality of pixel values representing pixel intensities of an image of the subject’s
body. In some embodiments, the plurality of image data frames represent images of the subject’s
body across a time period including at least one respiratory cycle. In some embodiments, the
processing component is configured to identify the subset of data by selecting one or more pixel
values from each image data frame of the plurality of image data frames corresponding to a same
sub-portion of the at least a portion of the lung and satisfying a threshold; determine a first value
for each image data frame of the plurality of image data frames based on the one or more pixel
values of a corresponding image data frame; and determine the dynamic AB condition based on
a ratio between a maximum of the first values and a minimum of the first values. In some
embodiments, the processing component is configured to apply a filter across the first values
prior to the determining the dynamic AB condition. In some embodiments, the ultrasound
imaging system further includes a display component configured to display a result of the
dynamic AB condition.

[0011] In one embodiment, a method of ultrasound imaging diagnostic is provided. The
method includes receiving, from an ultrasound imaging probe, a plurality of image data frames
associated with a subject’s body including at least a portion of a lung; determining a first value

for each image data frame of the plurality of image data frames based on a threshold comparison;
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and determine a dynamic air bronchogram (AB) condition of the subject’s body based on a
variation across the first values of the plurality of image data frames.

[0012] In some embodiments, each image data frame includes a plurality of pixel values
representing pixel intensities of an image of the subject’s body. In some embodiments, the
plurality of image data frames represents images of the subject’s body across a time period
including at least one respiratory cycle. In some embodiments, the determining the first value
includes determining a number of the plurality of pixel values in each image data frame that
satisfies a threshold, and wherein the determining the dynamic AB condition includes
determining a ratio between a maximum of the first values and a minimum of the first values;
and determining the dynamic AB condition based on the ratio. In some embodiments, the
method further includes identifying a region of interest (ROI) from the plurality of image data
frames corresponding to the at least a portion of the lung; and determining the first values based
on the ROL In some embodiments, the method further includes displaying, at a display
component, a result of the dynamic AB condition.

[0013] Additional aspects, features, and advantages of the present disclosure will become

apparent from the following detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] [lustrative embodiments of the present disclosure will be described with reference to

the accompanying drawings, of which:

[0015] FIG. 1 is a schematic diagram of an ultrasound imaging system, according to aspects
of the present disclosure.

[0016] FIG. 2 illustrates the dynamics of ABs from an expiratory period to an inspiratory
period, according to aspects of the present disclosure.

[0017] FIG. 3 illustrates the dynamics of ABs in an area of a lung consolidation over time,
according to aspects of the present disclosure.

[0018] FIG. 4 is a schematic diagram illustrating a dynamic AB detection scheme, according
to aspects of the present disclosure.

[0019] FIG. 5 is an image frame illustrating dynamic ABs, according to aspects of the
present disclosure.

[0020] FIG. 6 is a graph illustrating variations of a number of bright pixels across a number
of image frames over time in the presences of dynamic ABs, according to aspects of the present
disclosure.

[0021] FIG. 7 is an image frame illustrating static ABs, according to aspects of the present
disclosure.

[0022] FIG. 8 is a graph illustrating variations of a number of bright pixels across a number
of image frames over time in the absence of dynamic ABs, according to aspects of the present
disclosure.

[0023] FIG. 9 is a schematic diagram illustrating a dynamic AB detection scheme, according
to aspects of the present disclosure.

[0024] FIG. 10 is a schematic diagram illustrating a bronchial tree enhancement scheme,
according to aspects of the present disclosure.

[0025] FIG. 11A is an image frame illustrating a bronchial tree at a time instant, according to
aspects of the present disclosure.

[0026] FIG. 11B is an image frame illustrating a bronchial tree at another time instant,

according to aspects of the present disclosure.
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[0027] FIG. 11C is a differential image frame illustrating a difference between a pair of
consecutive image frames including a bronchial tree, according to aspects of the present
disclosure.

[0028] FIG. 11D is an accumulated image frame illustrating an enhanced bronchial tree,
according to aspects of the present disclosure.

[0029] FIG. 12 is a graph illustrating variations of a number of bright spots across a number
of image frames over time in the presence of dynamic ABs, according to aspects of the present
disclosure.

[0030] FIG. 13 is a flow diagram of a dynamic AB detection method, according to aspects of
the present disclosure.

[0031] FIG. 14 is a flow diagram of a dynamic AB detection method, according to aspects of
the present disclosure.

[0032] FIG. 15 is a flow diagram of a bronchial tree enhancement method, according to

aspects of the present disclosure.



WO 2019/034743 PCT/EP2018/072256

DETAILED DESCRIPTION
[0033] For the purposes of promoting an understanding of the principles of the present

disclosure, reference will now be made to the embodiments illustrated in the drawings, and
specific language will be used to describe the same. It is nevertheless understood that no
limitation to the scope of the disclosure is intended. Any alterations and further modifications to
the described devices, systems, and methods, and any further application of the principles of the
present disclosure are fully contemplated and included within the present disclosure as would
normally occur to one skilled in the art to which the disclosure relates. In particular, it is fully
contemplated that the features, components, and/or steps described with respect to one
embodiment may be combined with the features, components, and/or steps described with
respect to other embodiments of the present disclosure. For the sake of brevity, however, the
numerous iterations of these combinations will not be described separately.

[0034] FIG. 1 is a schematic diagram of an ultrasound imaging system 100, according to
aspects of the present disclosure. The system 100 is used for scanning an area or volume of a
patient’s body. The system 100 includes an ultrasound imaging probe 110 in communication
with a host 130 over a communication interface or link 120. The probe 110 includes a transducer
array 112, a beamformer 114, a processing component 116, a display 117, and a communication
interface 118. The host 130 includes a display 132, a communication interface 136, and a
communication interface 136.

[0035] The transducer array 112 emits ultrasound signals towards an anatomical object 105
and receives echo signals reflected from the object 105 back to the transducer array 112. The
transducer array 112 may include acoustic elements arranged in a one-dimensional (1D) array or
in a two-dimensional (2D) array. The beamformer 114 is coupled to the transducer array 112.
The beamformer 114 controls the transducer array 112, for example, for transmission of the
ultrasound signals and reception of the ultrasound echo signals. The beamformer 114 provides
image signals to the processing component 116 based on the response or the received ultrasound
echo signals. The beamformer 114 may include multiple stages of beamforming. The
beamforming can reduce the number of signal lines for coupling to the processing component
116. In some embodiments, the transducer array 112 in combination with the beamformer 114

may be referred to as an ultrasound imaging component.
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[0036] The processing component 116 is coupled to the beamformer 114. The processing
component 116 generates image data from the image signals. The processing component 116
may be implemented as a combination of software components and hardware components. In an
embodiment, the processing component 116 may be implemented on a field programmable gate
array (FPGA) and may include programmable state machines to control the processing and
conversion of the image signals to the image data. For example, the processing component 116
may perform filtering and/or quadrature demodulation to condition the image signals. The
processing component 116 may perform analytic detection on the filtered signals. The display
117 is coupled to the processing component 116. The display 132 may be a screen or any
suitable display integral with the housing of the probe 110. The display 117 may be configured
to display the results of the analytic detection.

[0037] The communication interface 118 is coupled to the processing component 116. The
communication interface 118 transmits the image signals to the host 130 via the communication
link 120. At the host 130, the communication interface 136 may receive the image signals. The
host 130 may be any suitable computing and display device, such as a workstation, a personal
computer (PC), a laptop, a tablet, or a mobile phone. The communication link 120 may be any
suitable communication link. For example, the communication link 120 may be a wired link,
such as a universal serial bus (USB) link or an Ethernet link. Alternatively, the communication
link 120 nay be a wireless link, such as an ultra-wideband (UWB) link, an Institute of Electrical
and Electronics Engineers (IEEE) 802.11 WiFi link, or a Bluetooth link.

[0038] The processing component 134 is coupled to the communication interface 136. The
processing component 134 may be implemented as a combination of software components and
hardware components. The processing component 134 may include a central processing unit
(CPU), a digital signal processor (DSP), an application-specific integrated circuit (ASIC), a
controller, a FPGA device, another hardware device, a firmware device, or any combination
thereof configured to perform the operations described herein. The processing component 134
may also be implemented as a combination of computing devices, e.g., a combination of a DSP
and a microprocessor, a plurality of microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other such configuration. The processing component 134

can be configured to perform image processing and image analysis for various diagnostic

10
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modalities. The display 132 is coupled to the processing component 134. The display 132 may
be a monitor or any suitable display. The display 132 is configured to display images and/or
diagnostic results processed by the processing component 134.

[0039] The system 100 can be configured for dynamic AB detection. For example, the
object 105 may correspond to a portion of a patient’s body including at least a portion of the
patient’s lung. In one embodiment, the probe 110 transmits the image signals (e.g., the echo
signals) received from the transducer array 112 to the host 130. The processing component 134
can detect dynamic ABs from ultrasound images and indicate a positive dynamic AB detection
and a location of the detected dynamic AB or a negative dynamic AB detection on the display
132. The processing component 134 can identify dynamic ABs based on a variation of a number
of bright spots or pixels across a number of image frames over time. Alternatively, the
processing component 134 can identify dynamic ABs based on a temporal intensity variation of
bright spots or pixels across a number of image frames over time. The processing component
134 can enhance the appearance or visibility of bronchial trees in ultrasound images.
Mechanisms for detecting dynamic ABs and enhancing bronchial trees are described in greater
detail herein. In another embodiment, the processing component 116 on the probe 110 can be
configured to perform dynamic AB detection eliminating the need of a host. In such an
embodiment, dynamic AB detection results can be displayed on the integral display 117.

[0040] One of the ultrasound imaging sign for identifying PN is the detection of a positive
dynamic AB within a lung consolidation. An AB is a tubular outline of an airway visible under
lung ultrasound imaging due to the filling of surrounding alveoli by fluid or inflammatory
exudates. Some studies have shown that the combination of a lung consolidation with dynamic
AB accounts for about 70 percent (%) of total PN cases in clinical practices.

[0041] FIG. 2 illustrates the dynamics of ABs from an expiratory period to an inspiratory
period, according to aspects of the present disclosure. In FIG. 2, the image 210 is acquired
during an expiratory period of a patient and the image 220 is acquired during an inspiratory
period of the patient. As shown in the image 210, ABs 212 appear as tubular bright structures.
Similarly in the image 220, the ABs 214 appear as tubular bright structures. As can be observed,

the appearance of ABs (e.g., bright structures) varies over time, for example, from the ABs 212

11
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in the expiratory period to the ABs 214 in the inspiratory period. In addition, the images 210 and
220 show movements of punctiform ABs 216 (e.g., bright spots) to punctiform ABs 218.

[0042] FIG. 3 illustrates the dynamics of ABs in an area of a lung consolidation over time,
according to aspects of the present disclosure. In FIG. 3, the x-axis represents time in some
constant units and the y-axis represents depths in some constant units. The image 300 illustrates
a real-time ultrasound scan line as a function of time. For example, the transducer array 112 is
used to generate one beam directed along a scan line towards an area within a lung consolidation
and repeat at some time intervals. The image 300 shows the echo signals received from
transducer array 112 corresponding to the emitted beam. In the image 300, the bright cyclic
patterned lines show the movements or shift of ABs, such as the ABs 212, 214, 216, and 218, in
a periodic manner. The cyclic or periodic pattern corresponds to the expiratory period 310 and
inspiratory period 320 as marked in the image 300.

[0043] As can be seen in FIGS. 2 and 3, dynamic ABs can be detected based on intensity
variations of pixels across image frames over one or more respiratory cycles. However, real-
time visual identification of dynamic ABs may be difficult or unreliable due to the fast
movements or motions of the dynamic ABs while the lung in the background of the ultrasound
images may still be moving during respiration, where a respiratory cycle may span a duration of
about 3 seconds to about 6 seconds. In addition, the clinician that performs the lung ultrasound
imaging (e.g., at a POC-US) may not necessarily be trained for interpreting lung ultrasound
images for dynamic AB detection.

[0044] Some studies conduct quantitative analysis for dynamic AB identification based on a
measure of mean pixel intensities. While such quantitative analysis shows promising results
(e.g., with a detection sensitivity of about 93 %), the quantitative analysis requires expertise to
identify and isolate regions corresponding to a patient’s lung. In addition, the quantitative
analysis approach may only perform well for a large area of lung consolidation and may miss
detection of a small lung consolidation (e.g., extending less than about | centimeter (cm)) or PN
at an early stage.

[0045] FIG. 4 is a schematic diagram illustrating an automatic dynamic AB detection scheme
400, according to aspects of the present disclosure. The scheme 400 can be employed by the
system 100 for dynamic AB detection. Specifically, the scheme 400 can be implemented by the

12
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processing component 134 on the host 130 or the processing component 116 on the probe 110.
In some embodiments, the implementation of the scheme 400 can be divided between the host
130 and the probe 110.

[0046] The scheme 400 begins with receiving a number of image frames 410. The image
frames 410 may be generated by using the probe 110, where ultrasound signal energy is emitted
from the transducer array 112 towards a patient’s body (e.g., the object 105) and echo signals are
received by the transducer array 112 forming the image frames 410. The probe 110 can be
positioned on the patient’s body to obtain an anterior chest view (e.g., from above the chest area)
or a lateral chest view (e.g., from the side of the chest area) including at least some portions of
the patient’s lungs. Each image frame 410 may include a plurality of pixel values (e.g.,
amplitudes) representing pixel intensities of an image of the patient’s body. The image frames
410 may be taken over a time period including at least one respiratory cycle (e.g., an expiratory
period and an inspiratory period). The image frames 410 are shown as Frame(i) to Frame (i+N)
representing images of the patient’s body from a time instant (i) to a time instant (i+N), where i
and N are positive integers.

[0047] The image frames 410 can include other portions of the patient’s body in addition to
the patient’s lung. The scheme 400 can apply a region-of-interest (ROI) identification
component 420 to the image frames 410 to identify portions of the image frames corresponding
to the patient’s lung for subsequent processing. One approach to identifying an area of a lung is
based on a pleural line identification. A pleural line may appear as a bright line in an ultrasound
image (shown in FIG.5) and the region below the pleural line may correspond to the lung. After
identifying the portions corresponding to the patient’s lung, the ROI identification component
420 can identify an ROl in an area of the lung with a potential lung consolidation for the
subsequent processing. For example, the ROI identification component 420 may perform bulk
background motion detection using block-matching on a frame-by-frame basis, for example,
based correlations across the image frames 410.

[0048] After identifying the ROI, the ROI identification component 420 may use the initial
frame (e.g., Frame (1)) as an anchoring frame to align or register subsequent image frames 410

(e.g., Frame (i+1) to Frame (i+N)) to the initial image frame 410 based on the background
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motion information for subsequent operations described below. The alignment or registration
allows the operations to be performed on the same portion of the lung for each image frame 410.
[0049] After identifying the ROI, a threshold component 430 can be applied to each image
frame 410. The threshold component 430 determines the number of pixels in the ROI of a
corresponding image frame 410 that are above a predetermined threshold. The number of pixels
above the threshold may be represented by a count value 432. The pixels that are above the
threshold may correspond to bright spots as shown in the ABs 212, 214, 216, and 218. The
predetermined threshold may be configured to any suitable value depending on the dynamic
range of the pixel values and the amplitude and/or pixel distribution in the ROIL. In an
embodiment, the dynamic range of the pixel intensity values may be configured to be between
about 0 and about 255. In such an embodiment, the threshold may be configured to a value
between about 40 to about 80.

[0050] After determining the number of bright pixels in each image frame 410, a maximum
component 440 and a minimum component 450 can be applied to the count values 432. The
maximum component 440 determines a maximum value 442 of the count values across the
image frames 410. The minimum component 450 determines a minimum value 452 of the count
values 432 across the image frames 410. In an embodiment, the maximum value 442 and the
minimum value 452 can be normalized such that the maximum value 442 has a value of one.
[0051] After determining the maximum value 442 and the minimum value 452, an AB index
component 460 can be applied to determine a dynamic AB diagnostic result. As described
above, dynamic ABs are shown as bright structures (e.g., the ABs 212 and 214) or bright spots
(e.g., the ABs 216 and 218) varying over time. The AB index component 460 identifies the
dynamics of the ABs by computing a ratio between the maximum value 442 and the minimum
value 452. The ratio may be referred to as an AB index. For example, the AB index component
460 may compare the ratio to a predetermined threshold. When there is a large variation
between the maximum value 442 and the minimum value 452, a dynamic AB condition may be
positive. Conversely, when there is a small variation between the maximum value 442 and the
minimum value 452, a dynamic AB condition may be negative and a static AB condition may be
present. The presence of a dynamic AB condition may indicate a high likelihood of PN, while

the presence of a static AB condition may indicate a high likelihood of atelectasis (e.g., lung
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collapse without infection) or other lung diseases. The dynamic AB diagnostic result can be
displayed on the display 132 and/or the display 117. In addition, the result may indicate the
location of the dynamic AB condition in the lung.

[0052] FIG. 5 is an ultrasound image 500 illustrating dynamic ABs, according to aspects of
the present disclosure. The image 500 may be acquired using the system 100. The image 500
may represent an image of a patient’s body (e.g., the object 105) including an area of a lung.
The image 500 illustrates the presence of ABs 512 and lung consolidation 506 in an area of the
patient’s lung. As marked in the image 500, a pleural interface 502 or pleural boundary appears
as a bright line across the image 500. The area below the pleural interface 502 corresponds to the
patient’s lung. The area above the pleural interface 510 corresponds to the patient’s chest wall
504.

[0053] FIG. 6 is a graph 600 illustrating variations of a number of bright pixels across a
number of image frames over time in the presences of dynamic ABs, according to aspects of the
present disclosure. The x-axis represents frame number. The y-axis represents normalized
number of pixels in an ROI within image frames that are above a predetermined intensity
threshold. The graph 600 is generated using the scheme 400. The plot 610 shows the variations
of the number of pixels above the threshold (e.g., the count values 432 in a normalized form)
across a number of image frames (e.g., the image frames 410) over time in the region of the
dynamic ABs 512 shown in the image 500. As can be seen, the plot 610 varies between about
0.84 to about 1. The large difference between the minimum (e.g., 0.84) and the maximum (e.g.,
1) and the cyclic patterns observed in the plot 610 may indicate the presence of a dynamic AB
condition. The cyclic or periodic patterns may correspond to respiratory cycles of the patient.
[0054] FIG. 7 is an ultrasound image 700 illustrating static ABs, according to aspects of the
present disclosure. The image 700 may be acquired using the system 100. The image 700 may
represent an image of a patient’s body (e.g., the object 105) including an area of a lung. The
image 700 illustrates the presence of static ABs 712 in an area of the patient’s lung.

[0055] FIG. 8 is a graph 800 illustrating variations of a number of bright pixels across a
number of image frames over time in the absence of dynamic ABs, according to aspects of the
present disclosure. The x-axis represents frame number. The y-axis represents normalized

number of pixels in an ROI within image frames that are above a predetermined intensity
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threshold. The graph 800 is generated using the scheme 400. The plot 810 shows the variations
of the number of pixels above the threshold (e.g., the count values 432 in a normalized form)
across a number of image frames (e.g., the image frames 410) over time in the region of the
static ABs 712 of the image 700. As can be seen, the plot 810 is relatively static varying
between about 0.987 to about 1. The small difference between the minimum (e.g., 0.987) and
the maximum (e.g., 1) and the relatively static pattern observed in the plot §10 may indicate the
presence of a static AB condition (e.g., an atelectasis condition).

[0056] FIG. 9 is a schematic diagram illustrating a dynamic AB detection scheme 900,
according to aspects of the present disclosure. The scheme 900 can be employed by the system
100 for dynamic AB detection. Specifically, the scheme 900 can be implemented by the
processing component 134 on the host 130 or the processing component 116 on the probe 110.
In some embodiments, the implementation of the scheme 900 can be divided between the host
130 and the probe 110.

[0057] The scheme 900 begins with receiving a number of image frames 910 similar to the
image frames 410. For example, each image frame 910 includes pixel intensity values
representing an image of a patient’s body including at least a portion of the patient’s lung. The
scheme 900 can apply an ROI identification component 920 to the image frames 910. The ROI
identification component 920 may be substantially similar to the ROI identification component
420. The ROI identification component 920 may identify a subset of data or pixels from the
image frames 910 for dynamic AB condition determination. The identification may include
selecting one or more pixel values from each image frame 910 corresponding to the same portion
of the patient’s lung around a lung consolidation. The ROI identification component 920 may
output image data subsets 930 including pixels within the ROI. The subsets 930 are shown as
Frame (i, k) to Frame (i+N, k) representing a subset k within Frame (i) to a subset k within
Frame (i+1), respectively. When each subset 930 includes one pixel value, the pixel value is
represented by an intensity value 932. When each subset 930 includes more than one pixel
values, a spatial filter may be applied to each subset 930 to produce an average intensity value
932.

[0058] After identifying the subsets 930, a maximum component 940 and a minimum

component 950 can be applied to the intensity values 932. The maximum component 940
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determines a maximum value 942 of the intensity values 932. The minimum component 950
determines a minimum value 952 of the intensity values 932. In an embodiment, the maximum
value 942 and the minimum value 952 can be normalized such that the maximum value 942 has
a value of 1. In some embodiments, a temporal filter (e.g., a smoothing filter) can be applied to
the subsets 930, for example, to obtain an average value over a number of frames, before
determining the maximum value 942 and the minimum value 952.

[0059] After determining the maximum value 942 and the minimum value 952, a temporal
intensity variation determination component 960 can be applied to determine a dynamic AB
diagnostic result. The temporal intensity variation determination component 960 determines a
temporal intensity variation across the subsets 930 over time. The temporal intensity variation
determination component 960 can determine a ratio between the maximum value 942 and the
minimum value 952. The temporal intensity variation determination component 960 can
compare the ratio to a predetermined threshold and determine whether a dynamic AB condition
is present based on the threshold comparison. Similar to the scheme 400, a large variation
between the maximum value 942 and the minimum value 952 is indicative of a positive dynamic
AB condition and a small variation between the maximum value 942 and the minimum value
952 is indicative of a negative dynamic AB condition.

[0060] FIG. 10 is a schematic diagram illustrating a bronchial tree enhancement scheme
1000, according to aspects of the present disclosure. The scheme 1000 can be employed by the
system 100 to enhance bronchial trees within a lung consolidation in lung ultrasound images for
dynamic AB diagnosis. Specifically, the scheme 1000 can be implemented by the processing
component 134 on the host 130.

[0061] The scheme 1000 begins with receiving a number of image frames 1010 similar to the
image frames 410 and 910. For example, each image frame 1010 includes pixel intensity values
representing an image of a patient’s body including at least a portion of the patient’s lung. The
scheme 1000 applies a difference component 1020 to each pair of adjacent or consecutive image
frames 1010 (e.g., Frame (i) and Frame (i+1)). The difference component 1020 computes a
difference between the adjacent image frames 1010 to produce a differential image frame 1022.

For example, the difference component 1020 subtracts the pixel values in the Frame (1) by the
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pixel values in the Frame (i+1) on a pixel-by-pixel basis. The pixel values of the Frame (i) and
the pixel values of the Frame (i+1) correspond to the same sub-portion of the patient’s lung.
[0062] An absolute component 1030 can be applied to the pixel values in the differential
image frames 1022 to produce differential image frames 1032 with absolute difference pixel
values. Subsequently, a sum component 1040 can be applied to accumulate the differential
image frames 1032 to produce an accumulated image frame 1042. For example, the sum
component 1040 sums the pixel values of the differential image frames 1032 on a pixel-by-pixel
basis. When the image frames 1010 include a bronchial tree, the appearance or visibility of the
bronchial tree may be enhanced in the accumulated image frame 1042 (shown in FIG. 11D
below). The detection of the bronchial tree indicates a positive dynamic AB condition.

[0063] FIGS. 11A-11D illustrates various image frames corresponding to various stages in
the scheme 1000 described above with respect to FIG. 10. For example, the scheme 1000 is
applied to eighty sequential ultrasound image frames, represented by Frame(1), Frame(2), ...,
Frame (80). FIG. 11A is an image frame 1110 illustrating a bronchial tree 1112 at a time instant,
according to aspects of the present disclosure. The image frame 1110 may be similar to the
image frames 410, 910, and 1010. The image frame 1110 may represent a first image frame
(e.g., Frame (1)) of the eighty sequential image frames. As shown, the bright Y-shaped
branching structure in the middle portion of the image frame 1110 corresponds to the bronchial
tree 1112 within a lung consolidation of a patient. The bright curved horizontal structure at the
bottom of the image frame 1110 corresponds to the patient’s spine.

[0064] FIG. 11B is an image frame 1120 illustrating a bronchial tree 1112 at another time
instant, according to aspects of the present disclosure. For example, the image frame 1120 may
represent the last image frame (e.g., Frame (80)) of the eight sequential image frames.

[0065] FIG. 11C is a differential image frame 1130 illustrating a difference between a pair of
consecutive image frames including a bronchial tree 1112, according to aspects of the present
disclosure. For example, the differential image frame 1130 may represent a differential image
frame 1032 at the output of the absolute component 1030 in the scheme 1000. The differential
image frame 1130 may be computed by subtracting Frame (80) from Frame (79) pixel by pixel.
[0066] FIG. 11D is an accumulated image frame 1140 illustrating an enhanced bronchial tree

1112, according to aspects of the present disclosure. For example, the image frame 1140 may

18



WO 2019/034743 PCT/EP2018/072256

represent an accumulated image frame 1042 at the output of the sum component 1040 in the
scheme 1000. Comparing the accumulated image frame 1140 to the originally acquired image
frames 1110 and 1120, the appearance or visibility of the bronchial tree 1112 is enhanced in the
accumulated image frame 1140.

[0067] FIG. 12 is a graph 1200 illustrating variations of a number of bright pixels across a
number of image frames over time in the presence of dynamic ABs, according to aspects of the
present disclosure. The x-axis represents frame number. The y-axis represents normalized
number of pixels in an ROI within image frames that are above a predetermined intensity
threshold. The graph 1200 is generated by applying the scheme 400 to the eight sequential
image frames used for illustrating the scheme 1000 in FIG. 11. The plot 1210 shows variations
of the normalized number of pixels above a predetermined threshold across a number of image
frames (e.g., the image frames 1010) over time in the region of the bronchial tree 1112 shown in
the image frames 1110 and 1120. As can be seen, the plot 1210 varies between about 0.53 to
about 1. The large difference between the minimum (e.g., 0.53) and the maximum (e.g., 1) and
the periodic waveform observed in the plot 1210 may indicate the presence of a dynamic AB
condition.

[0068] FIG. 13 is a flow diagram of a dynamic AB detection method 1300, according to
aspects of the present disclosure. Steps of the method 1300 can be executed by a computing
device (e.g., a processor, processing circuit, and/or other suitable component) of an ultrasound
imaging probe, such as the probe 110, or a host such as the host 130. The method 1300 may
employ similar mechanisms as in the scheme 400 as described with respect to FIG. 4. As
illustrated, the method 1300 includes a number of enumerated steps, but embodiments of the
method 1300 may include additional steps before, after, and in between the enumerated steps. In
some embodiments, one or more of the enumerated steps may be omitted or performed in a
different order.

[0069] At step 1310, the method 1300 includes receiving a plurality of image data frames
(e.g., the image frames 410, 910, 1010, 1110, and 1120) representative of a subject’s body (e.g.,
the object 105) including at least a portion of a lung. The subject’s body may be a human body

or an animal body.
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[0070] At step 1320, the method 1300 includes determining a metric (e.g., the count values
432) for each image data frame of the plurality of image data frames, for example, using the
threshold component 430.

[0071] At step 1330, the method 1300 includes determining a dynamic AB condition of the
subject’s body based on a variation across the metrics of the plurality of image data frames. For
example, the maximum component 440 can be applied to the metrics to compute a maximum
value (e.g., the maximum value 442) of the metrics and the minimum component 450 can be
applied to the metrics to compute a minimum value (e.g., the minimum value 452) of the metrics.
Subsequently, the AB index component 460 can be applied to compute a ratio between the
maximum value and the minimum value and compare the ratio to a predetermine threshold.
When the ratio satisfy the predetermine threshold, a positive dynamic AB condition may be
present. When the ratio fails to satisfy the predetermined threshold, a dynamic AB condition
may be absent.

[0072] FIG. 14 is a flow diagram of a dynamic AB detection method 1400, according to
aspects of the present disclosure. Steps of the method 1400 can be executed by a computing
device (e.g., a processor, processing circuit, and/or other suitable component) of an ultrasound
imaging probe, such as the probe 110, or a host such as the host 130. The method 1400 may
employ similar mechanisms as in the scheme 900 as described with respect to FIG. 9. As
illustrated, the method 1400 includes a number of enumerated steps, but embodiments of the
method 1400 may include additional steps before, after, and in between the enumerated steps. In
some embodiments, one or more of the enumerated steps may be omitted or performed in a
different order.

[0073] At step 1410, the method 1400 includes receiving a plurality of image data frames
(e.g., the image frames 410, 910, 1010, 1110, and 1120) representative of a subject’s body (e.g.,
the object 105) including at least a portion of a lung. The subject’s body may be a human body
or an animal body.

[0074] At step 1420, the method 1400 includes identifying a subset of data (e.g., the subsets
930) from the plurality of image data frames based on a threshold comparison, for example,

using the ROI identification component 920.
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[0075] At step 1430, the method 1400 includes determining a dynamic AB condition of the
subject’s body based on a temporal variation across the subset of data. For example, the subset
of data may include a portion (e.g., one or more pixel values) of each image data frame and a
spatial filter can be applied to a corresponding portion of each image frame to determine a first
value (e.g., the intensity values 932) for each image data frame. The maximum component 940
can be applied to the first values to compute a maximum value (e.g., the maximum value 942) of
the first values and the minimum component 950 can be applied to the first values to compute a
minimum value (e.g., the minimum value 952) of the first values. Subsequently, the temporal
intensity variation determination component 960 can be applied to compute a ratio between the
maximum value and the minimum value and compare the ratio to a predetermine threshold.
When the ratio satisfy the predetermine threshold, a positive dynamic AB condition may be
present. When the ratio fails to satisfy the predetermined threshold, a dynamic AB condition
may be absent.

[0076] FIG. 15 is a flow diagram of a bronchial tree enhancement method 1500, according to
aspects of the present disclosure. Steps of the method 1500 can be executed by a computing
device (e.g., a processor, processing circuit, and/or other suitable component) of a host such as
the host 130. The method 1500 may employ similar mechanisms as in the scheme 1000 as
described with respect to FIG. 10. As illustrated, the method 1500 includes a number of
enumerated steps, but embodiments of the method 1500 may include additional steps before,
after, and in between the enumerated steps. In some embodiments, one or more of the
enumerated steps may be omitted or performed in a different order.

[0077] At step 1510, the method 1500 includes receiving a plurality of image data frames
(e.g., the image frames 410, 910, 1010, 1110, and 1120) representative of a subject’s body (e.g.,
the object 105) including at least a portion of a lung. The subject’s body may be a human body
or an animal body.

[0078] At step 1520, the method 1500 includes determining differential data frames (e.g., the
differential image frames 1032) based on differences across consecutive image data frames of
the plurality of image data frames.

[0079] At step 1530, the method 1500 includes determining an accumulated data frame (e.g.,

the accumulated image frame 1042) based on a sum of the differential data frames.
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[0080] At step 1540, the method 1500 includes determining a dynamic AB condition of the
subject’s body based on the accumulated data frame. For example, the accumulated data frame
shows an enhanced appearance or visibility of the bronchial tree in a location within a lung
consolidation. Thus, the determination may be on the observation of the bronchial tree.

[0081] Aspects of the present disclosure can provide several benefits. For example, the
automatic detection of dynamic ABs without the need for a well-trained clinician to interpret
ultrasound lung images allow point-of-care ultrasound (POC-US) imaging to be used for PN
screening and diagnosis. The automatic dynamic AB detection can produce a diagnostic result in
a short duration of time. Thus, PN examination time can be shortened when compared to a full
chest PN examination. In addition, the disclosed embodiments provide a standardized testing
protocol. The use of the standardized test protocol can produce more consistent diagnostic
results than the subjective evaluations and analysis under different physicians and clinicians.
The standardized test protocol can be carried out easily for screening and suitable for use in time
critical situations (e.g., during an emergency). Further, the enhanced display of bronchial tree
can assist a physician to identify a PN location quickly and easily. The disclosed embodiments
are suitable for use with pediatric patients and/or pregnant women where radiation exposure is a
concern.

[0082] Persons skilled in the art will recognize that the apparatus, systems, and methods
described above can be modified in various ways. Accordingly, persons of ordinary skill in the
art will appreciate that the embodiments encompassed by the present disclosure are not limited to
the particular exemplary embodiments described above. In that regard, although illustrative
embodiments have been shown and described, a wide range of modification, change, and
substitution is contemplated in the foregoing disclosure. It is understood that such variations
may be made to the foregoing without departing from the scope of the present disclosure.
Accordingly, it is appropriate that the appended claims be construed broadly and in a manner

consistent with the present disclosure.
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CLAIMS

What is claimed is:

l. An ultrasound imaging system, comprising:
an interface coupled to an ultrasound imaging component and configured to receive a
plurality of image data frames representative of a subject’s body including at least a portion of a
lung;
a processing component in communication with the interface and configured to:
determine a metric for each image data frame of the plurality of image data
frames based on a threshold comparison; and
determine a dynamic air bronchogram (AB) condition of the subject’s body based

on a variation across the metrics of the plurality of image data frames.

2. The ultrasound imaging system of claim 1, wherein each image data frame includes a

plurality of pixel values representing pixel intensities of an image of the subject’s body.

3. The ultrasound imaging system of claim 2, wherein the plurality of image data frames
represent images of the subject’s body across a time period including at least one respiratory

cycle.

4. The ultrasound imaging system of claim 2, wherein the processing component is
configured to determine the metric for each image data frame of the plurality of image data
frames by:

determining a number of the plurality of pixel values in each image data frame that

satisfies a threshold.

5. The ultrasound imaging system of claim 1, wherein the processing component is
configured to determine the dynamic AB condition by:
determining a ratio between a maximum of the metrics and a minimum of the metrics;

and
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determining the dynamic AB condition based on the ratio.

6. The ultrasound imaging system of claim 1, wherein the processing component is further
configured to:

identify a region-of-interest (ROI) from the plurality of image data frames corresponding
to the at least a portion of the lung; and

determine the metrics based on the ROL

7. The ultrasound imaging system of claim 1, further comprising a display component

configured to display a result of the dynamic AB condition.

8. The ultrasound imaging system of claim 1, further comprising an ultrasound imaging
probe including:

the ultrasound imaging component;

the processing component; and

a display component configured to display a result of the dynamic AB condition.

9. An ultrasound imaging system, comprising:
an interface coupled to an ultrasound imaging component and configured to receive a
plurality of image data frames representative of a subject’s body including at least a portion of a
lung;
a processing component in communication with the interface and configured to:
determine differential data frames based on differences across consecutive image
data frames of the plurality of image data frames;
determine an accumulated data frame based on a sum of the differential data
frames; and
determine a dynamic air bronchogram (AB) condition of the subject’s body based

on the accumulated data frame.
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10. The ultrasound imaging system of claim 9, wherein the plurality of image data frames
represent images of the subject’s body across a time period including at least one respiratory

cycle.

11. The ultrasound imaging system of claim 9, wherein each image data frame includes a

plurality of pixel values representing pixel intensities of an image of the subject’s body.

12. The ultrasound imaging system of claim 9, wherein each differential data frame includes
a plurality of difference values, wherein the processing component is further configured to
determine each differential data frame by:

determining each difference value of the plurality of difference values by determining an
absolute difference between a pixel value of a first data frame of the plurality of image data
frames and a pixel value of a second data frame of the plurality of image data frames,

wherein the first data frame is adjacent to the second data frame, and

wherein the pixel value of the first data frame and the pixel value of the second data

frame represents a same sub-portion of the at least a portion of the lung.

13. The ultrasound imaging system of claim 9, wherein each differential data frame includes
a first plurality of pixel values, wherein the accumulated data frame includes a plurality of sum
values, and wherein the processing component is further configured to determine the dynamic
AB condition by:

determining each sum value of the plurality of sum values by accumulating a second
plurality of pixel values across the differential data frames, wherein the second plurality of pixel
values across the differential data frames represent a same portion of the subject’s body; and

determining the dynamic AB condition based on the plurality of sum values.

14. The ultrasound imaging system of claim 9, further comprising a display component

configured to display the accumulated data frame.

15. An ultrasound imaging system, comprising:
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an interface coupled to an ultrasound imaging component and configured to receive a
plurality of image data frames representative of a subject’s body including at least a portion of a
lung;

a processing component in communication with the interface and configured to:

identify a subset of data from the plurality of image data frames based on a
threshold comparison; and
determine a dynamic air bronchogram (AB) condition of the subject’s body based

on a temporal variation across the subset of data.

16. The ultrasound imaging system of claim 15, wherein each image data frame of the
plurality of image data frames includes a plurality of pixel values representing pixel intensities of

an image of the subject’s body.

17. The ultrasound imaging system of claim 16, wherein the plurality of image data frames
represent images of the subject’s body across a time period including at least one respiratory

cycle.

18. The ultrasound imaging system of claim 16, wherein the processing component is
configured to:

identify the subset of data by selecting one or more pixel values from each image data
frame of the plurality of image data frames corresponding to a same sub-portion of the at least a
portion of the lung and satisfying a threshold;

determine a first value for each image data frame of the plurality of image data frames
based on the one or more pixel values of a corresponding image data frame; and

determine the dynamic AB condition based on a ratio between a maximum of the first

values and a minimum of the first values.

19. The ultrasound imaging system of claim 18, wherein the processing component is
configured to apply a filter across the first values prior to the determining the dynamic AB

condition.
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20. The ultrasound imaging system of claim 15, further comprising a display component

configured to display a result of the dynamic AB condition.

21. A method of ultrasound imaging diagnostic, comprising:

receiving, from an ultrasound imaging probe, a plurality of image data frames associated
with a subject’s body including at least a portion of a lung;

determining a first value for each image data frame of the plurality of image data frames
based on a threshold comparison; and

determine a dynamic air bronchogram (AB) condition of the subject’s body based on a

variation across the first values of the plurality of image data frames.

22. The method of claim 21, wherein each image data frame includes a plurality of pixel

values representing pixel intensities of an image of the subject’s body.

23. The method of claim 22, wherein the plurality of image data frames represents images of

the subject’s body across a time period including at least one respiratory cycle.

24. The method of claim 22, wherein the determining the first value includes determining a
number of the plurality of pixel values in each image data frame that satisfies a threshold, and
wherein the determining the dynamic AB condition includes:

determining a ratio between a maximum of the first values and a minimum of the first
values; and

determining the dynamic AB condition based on the ratio.

25. The method of claim 21, further comprising
identifying a region of interest (ROI) from the plurality of image data frames
corresponding to the at least a portion of the lung; and

determining the first values based on the ROL

26. The method of claim 21, further comprising displaying, at a display component, a result

of the dynamic AB condition.
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Determine metric for each image data frame of plurality — f—__ 1320
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'

Determine dynamic AB condition of subject’s body based |}—_ 1330
on variation across metrics of plurality of image data frames

FIG. 13
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Receive plurality of image data frames representative | —__ 1410
of subject’s body including at least portion of lung

'

|dentify subset of data from plurality of image data ~—1420
frames based on threshold comparison

'

Determine dynamic AB condition of subject’s body based |}—_ 1430
on temporal variation across subset of data

FIG. 14

SUBSTITUTE SHEET (RULE 26)



WO 2019/034743 PCT/EP2018/072256

12/12

1500

Receive image data frames representative of subjects |~ 1510
body including at least portion of lung

'

Determine differential data frames based on differences
across consecutive image data frames of plurality of
image data frames

——1520

y

Determine accumulated data frame based on sum of  |—_
: ; 1530
differential data frames

'

Determine dynamic AB condition of subject's body based |—_ 1540
on accumulated data frame

FIG. 15

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2018/072256

A. CLASSIFICATION OF SUBJECT MATTER

INV. G16H30/40 A61B8/08
ADD.

A61B8/13

GO6T7/00 GO6T7/215

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

B. FIELDS SEARCHED

Gl16H A61B GO6T

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

figure 1

pages 14-16; claims 1-15

X WO 2016/046140 Al (KONINKL PHILIPS NV
[NL]) 31 March 2016 (2016-03-31)

X US 2013/197370 Al (BURLINA PHILIPPE M [US] 1-8,
ET AL) 1 August 2013 (2013-08-01)
paragraphs [0020] - [0039]; claim 1;

16-20

1,9-15

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

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

"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)

"O" 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

"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
combined 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

23 October 2018

Date of mailing of the international search report

31/10/2018

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

Gentil, Cédric

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2018/072256

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X CISNEROS-VELARDE PEDRO ET AL: "Automatic
pneumonia detection based on ultrasound
video analysis",

2016 38TH ANNUAL INTERNATIONAL CONFERENCE
OF THE IEEE ENGINEERING IN MEDICINE AND
BIOLOGY SOCIETY (EMBC), IEEE,

16 August 2016 (2016-08-16), pages
4117-4120, XP032980073,

DOI: 10.1109/EMBC.2016.7591632

[retrieved on 2016-10-13]

Sections A to C

X BARRIENTOS RONALD ET AL: "Automatic
detection of pneumonia analyzing
ultrasound digital images",

2016 IEEE 36TH CENTRAL AMERICAN AND PANAMA
CONVENTION (CONCAPAN XXXVI), IEEE,

9 November 2016 (2016-11-09), pages 1-4,
XP033103951,

DOI: 10.1109/CONCAPAN.2016.7942375
[retrieved on 2017-06-07]

Sections A to G

A WO 2017/046692 Al (KONINKLIJKE PHILIPS NV
[NL]) 23 March 2017 (2017-03-23)

claims 1-15

1,15

1,15

1-20

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

page 2 of 2




International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2018/072256
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 21-26

because they relate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. I:' Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I:' No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ EP2018/ 072256

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 21-26

Rule 39.1(iv) PCT - Diagnostic method.

The method of ultrasound imaging diagnostic as defined in claims 21-26,
includes method steps relating to all of the following phases: (i)
examination phase involving collection of data from an ultrasound imaging
probe; (ii) comparison (threshold comparison); (iii) finding of
significant deviation(s) during the comparison (variation across the
values of the plurality of image data frames); and attribution of the
deviation to a particular clinical picture (determine a dynamic air
bronchogram condition: see also description, par. 51). It is hence
considered that claims 21-26 define a method of diagnostic, for which no
international preliminary examination needs to be carried out (Rule
39.1(iv) PCT).




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2018/072256
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2013197370 Al 01-08-2013 US 2013197370 Al 01-08-2013
US 2015065849 Al 05-03-2015
WO 2016046140 Al 31-03-2016 CN 107072637 A 18-08-2017
EP 3197367 Al 02-08-2017
JP 2017532116 A 02-11-2017
US 2017273659 Al 28-09-2017
WO 2016046140 Al 31-03-2016
WO 2017046692 Al 23-03-2017 CN 108024791 A 11-05-2018
EP 3349664 Al 25-07-2018
JP 2018527112 A 20-09-2018
WO 2017046692 Al 23-03-2017

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




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RBA

RIEEHLHI(IF)

L 5E

S EREESE

BEG®)

RHTEFEGRR , RENGE. E-IKEflH , —HBEFERER
S B0, HEAZRFAKAIHS , FHEENRUARBEED
— oI R E FEN ST EGEEW ; ABAH , HERRED
BEANEENETHELRN MRS EGBIEW K E40E GBI
MEEEER ; FETZIMEGBEMNEERANTLEENRSEH
(AB) %M. E—IRMEHH , ABAHREEN
ET 2N EGHREMNTHNESEGREN 2 RANERREEE D HE

PBRERXREER

PREAX[EEFERERXRENNE , MXREMFGE

EP3669372A1
EP2018759894
ERCAHETROBRAF
ERTEAEN.V.
EFRTCAEN.V.

XU JINGPING

RAJU BALASUNDAR IYYAVU
WANG SHOUGANG

GADES ANTHONY M

XU, JINGPING

RAJU, BALASUNDAR, IYYAVU

WANG, SHOUGANG
GADES, ANTHONY, M

G16H30/40 A61B8/08 A61B8/13 GO6T7/00 GO6T7/215

patsnap

2020-06-24

2018-08-16

A61B8/13 A61B8/469 A61B8/5223 GO6T7/0016 GO6T7/215 G06T7/223 G06T2207/10016 G06T2207
/10132 G06T2207/20224 G06T2207/30061 G16H30/40 G16H40/63 G16H50/30

TR AR R AR A

PCT/CN2017/097624 2017-08-16 WO

62/628361 2018-02-09 US

Espacenet

i FRIEEDBEMAERIRE S GHHSABIRR.


https://share-analytics.zhihuiya.com/view/34d1c9af-7660-49dd-ba52-b7afbc8b5eb2
https://worldwide.espacenet.com/patent/search/family/063405184/publication/EP3669372A1?q=EP3669372A1

