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(54) ULTRASOUND SYSTEM FOR DETECTING LUNG CONSOLIDATION

(57) The present disclosure describes ultrasound im-
aging systems and methods configured to identify lung
abnormalities by determining a uniformity characteristic
of a region of interest within ultrasound image frames.
Systems can include an ultrasound transducer config-
ured to acquire echoes responsive to ultrasound pulses
transmitted toward a pulmonary target region. A proces-
sor coupled with the transducer may be configured to
generate an image frame from the acquired echoes and

determine a uniformity characteristic of the region of in-
terest below a pleural line in the image frame. The proc-
essor may also be configured to determine a presence
or absence of a lung abnormality, e.g., lung consolida-
tion, within the region of interest based on a value of the
uniformity characteristic. If a lung abnormality has been
determined to be present, the processor can generate
an indicator of the same, which may be displayed on a
user interface in communication with the processor.
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Description

TECHNICAL FIELD

[0001] The present disclosure pertains to automated
ultrasound systems and methods for identifying lung ab-
normalities, such as lung consolidations.

BACKGROUND

[0002] A lung consolidation is a normally compressible
region of lung tissue that has filled with fluid instead of
gas. The presence of lung consolidation provides a com-
mon indication of many lung diseases and abnormalities,
including pneumonia, lung cancer, atelectasis, acute res-
piratory distress syndrome, and acute lung injury. Ac-
cordingly, early diagnosis of such conditions typically de-
pends on reliable detection of lung consolidation. Preex-
isting techniques for identifying lung consolidation in-
clude chest radiography (CXR) and thoracic CT imaging;
however, both techniques are hampered by limited ef-
fectiveness. For example, CXR is only effective for iden-
tifying intermediate and/or large lesions or consolidations
(for e.g., 1 cm), and thoracic CT imaging is typically un-
available at the point-of-care, e.g., bedside examination.
In addition, radiation levels and high cost are often as-
sociated with both CXR and CT imaging. Other tech-
niques, e.g., visual ultrasonography, may require a high
level of operator expertise and effectiveness may depend
on the presence of at least one hyperechoic feature within
a pulmonary lesion, thereby rendering it vulnerable to
low sensitivity unless the monitored lung condition has
advanced at least to an intermediate stage. Ultrasound-
based diagnoses may also vary greatly based on oper-
ator subjectivity and experience. New technology for
identifying lung consolidations is therefore needed to im-
prove the ease and accuracy of diagnosing numerous
pulmonary conditions.

SUMMARY

[0003] The present disclosure describes automated,
ultrasound-based systems and methods for detecting
and characterizing lung abnormalities, including lung
consolidations. For ease of description, lung consolida-
tion detection will be described herein, although it is un-
derstood that other abnormalities may also be detected
according to the methods disclosed. Such abnormalities
may include various lesions, pleural effusions, material
buildup, abnormal growths or masses, tumors, fluid ac-
cumulation, etc. In embodiments, abnormalities detect-
able via systems herein may exclude pneumothorax due
to the location and characteristics of pneumothorax,
which necessitate distinct means of detection. Particular
implementations involve systems configured to identify
lung abnormalities during an ultrasound scan by interro-
gating a region of interest below the pleural line and de-
termining a uniformity characteristic of the ultrasound im-

age frames obtained therefrom. In various embodiments,
systems can include an ultrasound transducer config-
ured to transmit beams of ultrasonic energy toward a
region of interest that includes at least a portion of a lung,
and receive ultrasonic echoes responsive to the beams.
A processor, e.g., a signal processor, coupled with the
transducer can generate image frames from the echoes.
Via the same or a different processor, the system can
proceed to automatically identify the pleural line within
the image frames and define a region of interest below,
i.e., extending to a greater anatomical depth than, the
pleural line, where lung consolidations frequently appear.
The processor can also determine intensity levels of the
pixels comprising the image frames within the region of
interest. Using the determined intensity levels, the proc-
essor can determine a uniformity characteristic embod-
ying variation in the intensity levels within the region of
interest. The variation can be determined, expressed and
processed in various ways. For example, the processor
can be configured to calculate an average intensity level
within the region of interest, which can be used by the
processor to determine a standard deviation from the av-
erage. In additional examples, the processor can be con-
figured to generate spatial correlation maps of the region
of interest by performing intensity comparisons between
laterally spaced image pixels. Because increased varia-
tion in image intensity maybe associated with a greater
likelihood of the presence of lung consolidation, the proc-
essor can be configured to confirm the presence or ab-
sence of lung consolidations based on the degree of var-
iation. Determining the extent of variation may be accom-
plished by applying a threshold value to the uniformity
characteristic, for instance. Systems can also include a
user interface, which may feature a display screen con-
figured to receive various user inputs and display an in-
dicator of the presence or absence of lung consolidation
during an ultrasound scan. The indicator can take several
forms, e.g., visual and/or audio cues, provided that it is
configured to communicate the presence of a lung con-
solidation to the operator of the system.
[0004] In accordance with some examples, an ultra-
sound imaging system may include an ultrasound trans-
ducer configured to acquire echoes responsive to ultra-
sound pulses transmitted toward a target region compris-
ing a lung. The system may further include a processor
in communication with the ultrasound transducer. The
processor may be configured to generate an image frame
from the echoes; determine a uniformity characteristic of
a region of interest below a pleural line in the image frame;
determine a presence or absence of a lung abnormality
within the region of interest based on a value of the uni-
formity characteristic; generate an indicator if a lung ab-
normality has been determined to be present; and display
the indicator on a user interface in communication with
the processor.
[0005] In some examples, the processor may be con-
figured to quantify the uniformity characteristic in the form
of a spatial correlation and/or de-correlation map of im-
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age intensity. In some embodiments, the processor may
be configured to determine the spatial correlation and/or
de-correlation map by comparing image intensity values
of pairs of individual pixels within the image frame, the
pairs laterally separated by a defined interval of pixels.
In some implementations, the processor may be config-
ured to adjust the defined interval of pixels in response
to a user input received at the user interface. In some
examples, the uniformity characteristic may comprise a
standard deviation from an average image intensity. In
some embodiments, the uniformity characteristic may
comprise a total speckle size and/or local spatial speckle
size within the region of interest.
[0006] In some implementations, the lung abnormality
may be lung consolidation. According to such implemen-
tations, the processor may be further configured to apply
a threshold value to the uniformity characteristic, wherein
the presence of a lung consolidation is confirmed if the
value of the uniformity characteristic exceeds the thresh-
old value. In some examples, the user interface may be
further configured to display a number of lung abnormal-
ities present within the region of interest, a location of the
lung abnormality, a type of the lung abnormality, a vari-
ation in lung abnormality volume, or combinations there-
of. In some embodiments, the user interface may be con-
figured to generate and display an ultrasound image dur-
ing an ultrasound scan. The indicator may comprise, in
some examples, a graphic overlay superimposed on the
lung abnormality within the ultrasound image. In some
implementations, the user interface may be further con-
figured to guide a user through an ultrasound scan of the
target region of a patient by providing an instruction for
orienting the ultrasound transducer. In some embodi-
ments, the processor may be further configured to deter-
mine a scan distance to the lung abnormality during an
ultrasound scan. In some examples, the instruction may-
be based on a previously conducted ultrasound scan of
the patient and stored in a memory coupled with the proc-
essor.
[0007] A method in accordance with the present dis-
closure may involve acquiring echo signals responsive
to ultrasound pulses transmitted into a target region by
a transducer operatively coupled to an ultrasound sys-
tem; generating an image frame from the ultrasound ech-
oes; determining a uniformity characteristic of a region
of interest below a pleural line in the image frame; deter-
mining a presence or absence of a lung abnormality with-
in the region of interest based on a value of the uniformity
characteristic; generating an indicator if a lung abnormal-
ity has been determined to be present; and displaying
the indicator on a user interface in communication with
the processor.
[0008] In some examples, the method may further in-
volve quantifying the uniformity characteristic in the form
of a spatial correlation map of image intensity. In some
embodiments, quantifying the uniformity characteristic in
the form of a spatial correlation map may comprise com-
paring image intensity values of pairs of individual pixels

within the image frame, the pairs laterally separated by
a defined interval of pixels. In some implementations,
determining the uniformity characteristic may comprise
determining a standard deviation from an average image
intensity. In some implementations, determining the uni-
formity characteristic may comprise determining a total
speckle size and/or local spatial speckle size within the
region of interest. In some examples, the lung abnormal-
ity may include lung consolidation. According to such ex-
amples, the method may further involve applying a
threshold value to the uniformity characteristic. The pres-
ence of a lung consolidation may be confirmed if the value
of the uniformity characteristic exceeds the threshold val-
ue.
[0009] In some embodiments, the method may further
involve generating a report comprising a number of lung
abnormalities present within the region of interest, a lo-
cation of the lung abnormality, a type of the lung abnor-
mality, a variation in lung abnormality volume, or combi-
nations thereof. In some implementations, the method
may further involve guiding a user through an ultrasound
scan of the target region of a patient by providing an
instruction for orienting the ultrasound transducer. In
some examples, the method may further involve deter-
mining a scan distance to the lung abnormality during an
ultrasound scan.
[0010] Any of the methods described herein, or steps
thereof, may be embodied in non-transitory computer-
readable medium comprising executable instructions,
which when executed may cause a processor of a med-
ical imaging system to perform the method or steps em-
bodied herein. For example, a non-transitory computer-
readable medium comprising executable instructions
may, when executed, cause a processor of an ultrasound
system to: receive an image frame, the image frame be-
ing generated from ultrasound echo data acquired from
a target region comprising a lung; determine a uniformity
characteristic of a region of interest below a pleural line
in the image frame; determine a presence or absence of
a lung abnormality within the region of interest based on
a value of the uniformity characteristic; and generate an
indicator if a lung abnormality has been determined to
be present.
In accordance with some examples, an apparatus for de-
tecting lung abnormality on the basis of ultrasound echo
data may include a data interface. The data interface may
be configured to receive an image frame, the image frame
being generated from ultrasound echo data acquired
from a target region comprising a lung. The data interface
may also be configured to output an indicator if a lung
abnormality has been determined to be present. The ap-
paratus may also include a processor configured to de-
termine a uniformity characteristic of a region of interest
below a pleural line in the image frame; determine a pres-
ence or absence of a lung abnormality within the region
of interest based on a value of the uniformity character-
istic; and generate the indicator if a lung abnormality has
been determined to be present.

3 4 



EP 3 530 190 A1

4

5

10

15

20

25

30

35

40

45

50

55

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a block diagram of an ultrasound system in
accordance with principles of the present disclosure.
FIG. 2 is a block diagram of another ultrasound sys-
tem in accordance with principles of the present dis-
closure.
FIG. 3A is an ultrasound image of a normal lung,
showing a region of interest beneath a pleural line.
FIG. 3B is an ultrasound image of an abnormal lung
harboring multiple lung consolidations within a re-
gion of interest beneath a pleural line.
FIG. 4A is an ultrasound image of a normal lung,
showing a pleural line and an area of spatial random-
ness beneath the pleural line.
FIG. 4B is a graph of image amplitude as a function
of anatomical depth detected along a plurality of lat-
erally spaced, single-pixel lines, corresponding to
the image of FIG. 4A.
FIG. 4C is a graph of spatial correlation as a function
of anatomical depth, corresponding to the graph of
FIG. 4B.
FIG. 5A is an ultrasound image of an abnormal lung,
showing a pleural line and an area containing lung
consolidations beneath the pleural line.
FIG. 5B is a graph of image amplitude as a function
of anatomical depth detected along a plurality of lat-
erally spaced, single-pixel lines, corresponding to
the image of 5A.
FIG. 5C is a graph of spatial correlation as a function
of anatomical depth, corresponding to the graph of
FIG. 5B.
FIG. 6A is the ultrasound image of FIG. 5A.
FIG. 6B is a spatial correlation map generated using
the amplitudes detected in the ultrasound image of
FIG. 5A.
FIG. 7A is the ultrasound image of FIG. 4A.
FIG. 7B is a spatial correlation map generated using
the amplitudes detected in the ultrasound image of
FIG. 7A.
FIG 8 is an ultrasound image comprising a plurality
of graphic overlays demarcating regions of lung con-
solidation.
FIG. 9 is a method performed in accordance with
principles of the present disclosure.
FIG. 10 is a graphic generated and displayed on a
user interface for guiding a user through an ultra-
sound scan of a pulmonary region.

DETAILED DESCRIPTION

[0012] The following description of certain embodi-
ments is merely exemplary in nature and is in no way
intended to limit the invention or its applications or uses.
In the following detailed description of embodiments of
the present systems and methods, reference is made to

the accompanying drawings which form a part hereof,
and which are shown by way of illustration specific em-
bodiments in which the described systems and methods
maybe practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to prac-
tice presently disclosed systems and methods, and it is
to be understood that other embodiments may be utilized
and that structural and logical changes may be made
without departing from the spirit and scope of the present
system. Moreover, for the purpose of clarity, detailed de-
scriptions of certain features will not be discussed when
they would be apparent to those with skill in the art so as
not to obscure the description of the present system. The
following detailed description is therefore not to be taken
in a limiting sense, and the scope of the present system
is defined only by the appended claims.
[0013] The present technology is also described below
with reference to block diagrams and/or flowchart illus-
trations of methods, apparatus (systems) and/or compu-
ter program products according to the present embodi-
ments. It is understood that blocks of the block diagrams
and/or flowchart illustrations, and combinations of blocks
in the block diagrams and/or flowchart illustrations, may
be implemented by computer executable instructions.
These computer executable instructions may be provid-
ed to a processor, controller or controlling unit of a gen-
eral purpose computer, special purpose computer,
and/or other programmable data processing apparatus
to produce a machine, such that the instructions, which
execute via the processor of the computer and/or other
programmable data processing apparatus, create means
for implementing the functions/acts specified in the block
diagrams and/or flowchart block or blocks.
[0014] As provided herein, ultrasound-based interro-
gation of a pulmonary region of interest coupled with au-
tomated analysis of acquired ultrasound image frames
can increase the sensitivity of lung consolidation detec-
tion while decreasing the level of operator expertise re-
quired for such detection. Ultrasound signatures of lung
consolidations may resemble soft tissue signatures or
soft tissue mixed with air signatures, which the systems
herein may be configured to identify. Particular embodi-
ments can include ultrasound systems configured to de-
termine at least one uniformity characteristic indicative
of lung consolidation beneath the pleural line within ul-
trasound image frames of a lung. In specific examples,
the uniformity characteristic can comprise a standard de-
viation from an average image intensity level determined
through the region of interest. In addition or alternatively,
the uniformity characteristic can comprise a spatial cor-
relation map of the region beneath the pleural line. Ac-
cording to such examples, systems may be configured
to identify lung consolidations where spatial correlation
is high (and spatial de-correlation is low), and confirm
the absence of lung consolidations where spatial corre-
lation is low (and spatial de-correlation is high). The re-
lationship between the uniformity characteristic and the
presence of lung consolidations has been discovered via
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ultrasound-based interrogation of various pulmonary re-
gions, and subsequent comparisons of the brightness
values of pixels within the acquired ultrasound image
frames. Equipped with acoustic properties specific to nor-
mal lung tissue and abnormal lung tissue, systems herein
are configured to distinguish normal lungs from abnormal
lungs in automated fashion. By identifying lung consoli-
dations in automated fashion, i.e., without subjective user
interpretation, systems herein may reduce examination
times, especially for inexperienced ultrasound operators,
and provide standardized methods for evaluating ultra-
sound signatures for the presence or absence of lung
abnormalities. Results generated according to the sys-
tems and methods described can be displayed visually,
e.g., in real time during an ultrasound scan, thereby pro-
viding the information necessary to guide an operator
through an ultrasound scan. Over time, repeated ultra-
sound scanning performed according to the methods dis-
closed may be used to monitor treatment progress in
patients with a range of lung conditions. Various ultra-
sound modalities may be implemented according to the
systems disclosed herein. For example, an ultrasound
transducer may be configured to perform B-mode imag-
ing, such that a processor coupled with the transducer
detects lung consolidation by determining spatial corre-
lation properties of the grayscale values in the B-mode
image frames. Embodiments may also generate and uti-
lize radiofrequency or channel data to detect lung con-
solidations and generate spatial correlation maps of a
region of interest. In addition or alternatively, an ultra-
sound transducer may also be configured detect lung
consolidation via tissue harmonic imaging. The systems
and methods described herein can be employed to diag-
nose and monitor numerous pulmonary conditions. For
example, the detection and characterization of lung con-
solidations may be used, either by the system or a user,
to diagnose conditions such as pneumonia, lung cancer,
atelectasis, acute respiratory distress syndrome, and
acute lung injury.
[0015] FIG. 1 shows an example ultrasound system
100 configured to determine the presence or absence of
a pulmonary abnormality, e.g., lung consolidation, in ac-
cordance with the present disclosure. As shown, the sys-
tem 100 can include an ultrasound data acquisition unit
110, which may include an ultrasound probe containing
an ultrasound sensor array 112 configured to transmit
ultrasound signals or beams 114 into a target region 116,
which can include one or both lungs within a patient. Ul-
trasound echo signals 118 responsive to the transmitted
beams are received by the acquisition unit 110, which
may also include a beamformer 120 coupled to the ultra-
sound transducer array 112, along with a signal proces-
sor 122, which may be configured to generate a plurality
of discrete ultrasound image frames 124 from the ultra-
sound echoes 118 received at the array 112. The system
may also include a data processor 126, e.g., a compu-
tational module or circuitry, configured to analyze the im-
age frames 124, e.g., by determining intensity levels of

the image pixels constituting the frames, determining uni-
formity properties within the image frames, and applying
a threshold to the determined uniformity properties. In
some embodiments, the system also includes a display
processor 128 coupled with the data processor 126 and
a user interface 130. The display processor 128 can be
configured to generate ultrasound images 132 from the
image frames 124, an indicator 134 that conveys the
presence or absence of lung consolidation within one or
more of the image frames 124, and a report 135 contain-
ing information about the lung consolidations detected.
The user interface 130 (or data interface) can be config-
ured to display the ultrasound images 132 in real time as
an ultrasound scan is being performed. The indicator 134
may be displayed or communicated concurrently to pro-
vide real-time updates to the operator of the system 100
that one or more lung consolidations may be present.
The user interface 130 can also be configured to receive
a user input 136 at any time before, during, or after an
ultrasound scan. In some examples, the user interface
130 can receive image frames 124 directly from the data
acquisition unit 110. The configuration of the system 100
shown in FIG. 1 may vary. For example, the system 100
can be portable or stationary. In some embodiments, the
system may comprise a processor of an ultrasound sys-
tem, which can be a non-imaging system, e.g., an anal-
ysis workstation, configured for post-acquisition analysis
of ultrasound data in the particular manner described
herein. Various portable devices, e.g., laptops, tablets,
smart phones, or the like, may be used to implement one
or more functions of the system 100. In examples that
incorporate such devices, the ultrasound sensor array
112 may be connectable via a USB interface, for exam-
ple.
[0016] The ultrasound data acquisition unit 110 may
be configured to acquire ultrasound echoes 118 from one
or more target regions 116, which can include one or
more lungs or sub-regions thereof. The ultrasound sen-
sor array 112 may include at least one transducer array
configured to transmit and receive ultrasonic energy. A
variety of transducer arrays may be used, e.g., linear
arrays, convex arrays, or phased arrays. The number
and arrangement of transducer elements included in the
sensor array 112 may vary in different examples. For
instance, the ultrasound sensor array 112 may include a
1D or 2D array of transducer elements, corresponding
to linear array and matrix array probes, respectively. The
2D matrix arrays may be configured to scan electronically
in both the elevational and azimuth dimensions (via
phased array beamforming) for 2D or 3D imaging.
[0017] A variety of users having a range of skill levels
may handle and operate the ultrasound data acquisition
unit 110. Due to the automated processing performed by
the system 100, users having minimal experience oper-
ating ultrasound equipment may effectively acquire ul-
trasound image frames 124 that confirm whether the lung
region being scanned includes a lung consolidation, even
if the consolidation is relatively small and the associated
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lung condition has not advanced beyond an early stage.
To conduct a scan in accordance with the methods de-
scribed herein, especially for determining the area or vol-
ume of lung consolidations, transverse scanning may be
employed with optional longitudinal scanning employed
when necessary.
[0018] As further shown in FIG. 1, the data acquisition
unit 110 can include a beamformer 120, which may con-
trol the transmission of ultrasonic energy, for example by
forming ultrasonic pulses into focused beams. The beam-
former 120 may control the width of the transmitted ul-
trasound beams. In some examples, a series of ultra-
sound scans may be performed over a region of interest,
and the beamformer 120 can be configured to adjust the
beam width in each successive scan. The beamformer
120 can adjust the beam width automatically, e.g., in ac-
cordance with an automated program, or in response to
user input. The beamformer 120 may also be configured
to control the reception of ultrasound signals such that
discernable image data may be produced and processed
with the aid of other system components. The role of the
beamformer 120 may vary in different ultrasound probe
varieties. In some embodiments, the beamformer 120
may comprise two separate beamformers: a transmit
beamformer configured to receive and process pulsed
sequences of ultrasonic energy for transmission into a
subject, and a separate receive beamformer configured
to amplify, delay, and/or sum received ultrasound echo
signals. In some embodiments, the beamformer 120 may
comprise a microbeamformer operating on groups of
sensor elements for both transmit and receive beamform-
ing, coupled to a main beamformer which operates on
the group inputs and outputs for both transmit and receive
beamforming, respectively.
The signal processor 122 may be communicatively, op-
eratively, and/or physically coupled with the sensor array
112 and/or the beamformer 120. In the example shown
in FIG. 1, the signal processor 122 is included as an in-
tegral component of the data acquisition unit 110, but in
other examples, the signal processor 122 may be a sep-
arate component. The signal processor 122 may be con-
figured to receive unfiltered and disorganized ultrasound
data embodying the ultrasound echoes 118 received at
the sensor array 112. From this data, the signal processor
122 may continuously generate a plurality of ultrasound
image frames 124 as a user scans the region 116.
[0019] One or more additional processors, such as da-
ta processor 126, can also be included. The data proc-
essor 126, communicatively coupled with the data acqui-
sition unit 110, may perform one or more operations in
addition to or in lieu of one or more operations performed
by the signal processor 122. The data processor 126 is
uniquely configured to receive and analyze the ultra-
sound image frames 124 for the presence of one or more
lung consolidations. After determining whether a lung
consolidation is shown within the image frames 124, the
data processor 126 may communicate an indication of
the determined presence or absence of lung consolida-

tion to the graphics processor 128 or directly to the user
interface 130.
[0020] The display processor 128 communicatively
coupled with the data processor 126 may be configured
to generate an indicator 134 based on the determination
made by the data processor 126. The indicator 134 may
indicate the presence or absence of at least one lung
consolidation within the image frames 124. Upon receiv-
ing the ultrasound images 132 and/or the indicator 134,
the user interface 130 may then display the images
and/or the indicator. The indicator 134 maybe displayed
concurrently with, e.g., superimposed on top of or next
to, the ultrasound images 132 in real time as the images
are obtained. Accordingly, the indicator 134 may notify
the user of the presence or absence of one or more lung
consolidations. In some examples, the indicator 134 may
comprise a sensory cue that is not be visibly displayed,
such as a vibration of the ultrasound probe or an audible
cue emitted from speakers coupled with the ultrasound
system 100. The indicator 134 may also comprise a light
that turns on and off or changes color. For example, the
presence of a lung consolidation may be indicated by a
green light, while the absence of an lung consolidation
may be indicated by a red light or an absence of light. In
some embodiments, the indicator 134 may be displayed
without the concurrent display of ultrasound images. The
particular nature of the indicator 134 is not critical, pro-
vided the indicator is configured to notify the user of the
presence or absence of lung consolidations.
[0021] In some embodiments, the indicator 134 may
also include information about the lung consolidation(s)
detected. For example, during an ultrasound scan, the
indicator 134 may display the depth of a lung consolida-
tion beneath the pleural line or the scan distance to the
lung consolidation. In addition, the indicator 134 may pro-
vide the cross-sectional area and/or volume of a partic-
ular lung consolidation. This information, like the depth,
may be overlaid on a live ultrasound image, such that
the user can determine the dimensions of any detected
lung consolidations as the scan is being performed. This
information may be stored in a memory for later refer-
ence.
[0022] In some embodiments, the user interface 130
may also be configured to guide or assist a user through
an ultrasound scan. Such guidance may be responsive
to the indicator 134 generated by the display processor
128. For example, the user interface 130 may provide a
first instruction to the user in response to receiving an
indicator 134 conveying the presence of a lung consoli-
dation, and in response to receiving an indicator 134 con-
veying the absence of a lung consolidation, may provide
a second, distinct instruction to the user. Such instruc-
tions may prompt the user to perform the ultrasound scan
in a particular manner that ensures all lung abnormalities,
especially consolidations, if present, are detected during
a given scan. Instructions may include directional com-
mands, e.g., "Orient probe transversely with respect to
chest region"; or "Move probe laterally." Instructions may
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also include technique-based commands, e.g., "Move ul-
trasound probe slower"; "Slow down"; "Stop";
"or "Continue." In some examples, the instructions may
guide the user to position the ultrasound probe in a par-
ticular manner before initiating the ultrasound scan, such
that the probe transmits ultrasound beams into the most
common areas of lung consolidation formation. These
initial instructions may be different for different lung con-
ditions. For example, the recommended initial probe po-
sition and/or orientation may different for detecting lung
consolidations associated with pneumonia versus atel-
ectasis.
[0023] FIG. 2 is a block diagram of another ultrasound
system 200 in accordance with principles of the present
inventions. One or more components shown in FIG. 2
may be included within a system configured to detect
lung consolidations within a pulmonary region of a sub-
ject, provide an indication of the same, and guide a user
operating the system through an ultrasound scan in
search of lung consolidations. For instance, any of the
above-described functions of the signal processor 122,
data processor 126, and/or display processor 128 may
be implemented and/or controlled by one or more of the
processing components shown in FIG. 2, including for
example, signal processor 226, B-mode processor 228,
scan converter 230, multiplanar reformatter 232, volume
renderer 234, graphics processor 240, and/or image
processor 236.
[0024] In the ultrasonic imaging system of FIG. 2, an
ultrasound probe 212 includes a transducer array 214
for transmitting ultrasonic waves into a pulmonary region
and receiving echo information responsive to the trans-
mitted waves. In various embodiments, the transducer
array 214 may be a matrix array or a one-dimensional
linear array. The transducer array 214 may be coupled
to a microbeamformer 216 in the probe 212 which may
control the transmission and reception of signals by the
transducer elements in the array. In the example shown,
the microbeamformer 216 is coupled by the probe cable
to a transmit/receive (T/R) switch 218, which switches
between transmission and reception and protects the
main beamformer 222 from high energy transmit signals.
In some embodiments, the T/R switch 218 and other el-
ements in the system can be included in the transducer
probe rather than in a separate ultrasound system com-
ponent. The transmission of ultrasonic beams from the
transducer array 214 under control of the microbeam-
former 216 may be directed by the transmit controller 220
coupled to the T/R switch 218 and the beamformer 222,
which receives input, e.g., from the user’s operation of
the user interface or control panel 224. A function that
may be controlled by the transmit controller 220 is the
direction in which beams are steered. Beams may be
steered straight ahead from (orthogonal to) the transduc-
er array, or at different angles for a wider field of view.
The partially beamformed signals produced by the mi-
crobeamformer 216 are coupled to a main beamformer
222 where partially beamformed signals from individual

patches of transducer elements are combined into a fully
beamformed signal.
[0025] The beamformed signals may be communicat-
ed to a signal processor 226. The signal processor 226
may process the received echo signals in various ways,
such as bandpass filtering, decimation, I and Q compo-
nent separation, and/or harmonic signal separation. The
signal processor 226 may also perform additional signal
enhancement via speckle reduction, signal compound-
ing, and/or noise elimination. In some examples, data
generated by the different processing techniques em-
ployed by the signal processor 226 may be used by a
data processor to detect one or more lung consolidations.
The processed signals may be coupled to a B-mode proc-
essor 228, which may employ amplitude detection. The
signals produced by the B-mode processor 228 may be
coupled to a scan converter 230 and a multiplanar refor-
matter 232. The scan converter 230 may arrange the
echo signals in the spatial relationship from which they
were received in a desired image format. For instance,
the scan converter 230 may arrange the echo signals
into a two dimensional (2D) sector-shaped format. The
multiplanar reformatter 232 may convert echoes which
are received from points in a common plane in a volu-
metric region of the body into an ultrasonic image of that
plane, as described in U.S. Pat. No. 6,443,896 (Detmer).
In some examples, a volume renderer 234 may convert
the echo signals of a 3D data set into a projected 3D
image as viewed from a given reference point, e.g., as
described in U.S. Pat. No. 6,530,885 (Entrekin et al.).
The 2D or 3D images may be communicated from the
scan converter 230, multiplanar reformatter 232, and vol-
ume renderer 234 to an image processor 236 for further
enhancement, buffering and/or temporary storage for
display on an image display 237. Prior or after their dis-
play, one or more indicators may be overlaid or super-
imposed on the images to highlight or label areas of lung
consolidation. A graphics processor 240 can generate
the graphic overlays for display with the ultrasound im-
ages. The graphic overlays may contain, e.g., standard
identifying information such as patient name, date and
time of the image, imaging parameters, and the like, and
also various outputs generated by one or more additional
processors included within the system, such as one or
more indicators conveying the presence or absence of
lung consolidations. In some examples, the indicator may
be provided by a display (e.g., a side-by-side display of
quantification of one or more parameters alongside the
ultrasound image), such as by displaying a spatial cor-
relation map or a map generated based on a uniformity
characteristic associated with the image or portion there-
of. Graphic overlays may also include visual instructions,
e.g., text and/or symbols, for guiding a user of the system
200 through an ultrasound scan. In some examples, the
graphics processor may receive input from the user in-
terface 224, such as a typed patient name or confirmation
that an instruction displayed or emitted from the interface
has been acknowledged by the user of the system 200.
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The user interface 224 may also receive input prompting
adjustments in the settings and/or parameters used by
the system 200, input requesting additional instructions
or assistance for performing an ultrasound scan, and/or
input requesting that one or more ultrasound images be
saved and/or transmitted to a remote receiver. The user
interface may also be coupled to the multiplanar refor-
matter 232 for selection and control of a display of mul-
tiple multiplanar reformatted (MPR) images.
[0026] FIG. 3A is an ultrasound image 300 of a normal
lung acquired via the systems disclosed herein, showing
a region of interest 302 beneath a pleural line 304, which
appears as an echogenic line marking the interface be-
tween the patient’s chest wall and the lung. In the ab-
sence of lung consolidation, the region of interest 302
may be predominantly characterized by spatial random-
ness without any distinct hyper- or hypoechoic regions
indicative of tissue, bone and/or or fluid. Systems dis-
closed herein, e.g., system 100 and/or 200, can be con-
figured to automatically identify the pleural line 304 within
at least one image frame via one or more processors,
such as data processor 126. In some embodiments, sys-
tems can be configured to pinpoint the pleural line by
identifying and processing A-line artefacts that may ap-
pear upon imaging the pleural interface, for example as
described in PCT/EP2017/082054 (Balasundar), which
is incorporated by reference in its entirety herein. For
example, systems herein may be configured to identify
candidate pleural lines and A-lines within acquired image
frames, compute the intensity of at least one of the A-
lines, and apply the computed A-line intensity to indicate
a target placement of an ultrasound probe for imaging
the pleural interface. A user interface herein may be con-
figured to alert the user that a target placement of the
ultrasound probe has been obtained once the pleural line
appears within an image frame. In specific embodiments,
a processor disclosed herein can be configured to apply
a threshold value to the computed A-line intensity, and
if the A-line intensity exceeds the threshold value, the
processor may determine that the pleural line has been
identified via the proper probe position and orientation.
Accordingly, one or more A-line artefacts may also ap-
pear in the region of interest 302, against a backdrop of
spatial randomness. In additional embodiments, a user
may identify a pleural line upon visual examination of a
live ultrasound image displayed on the user interface.
[0027] Systems according to the present disclosure
can be configured to define the region of interest 302 in
automated fashion, or with additional user input. For ex-
ample, systems according to the present disclosure can
be configured to extract a region of interest from one or
more image frames by identifying a pleural line and then
trimming the image frame(s) to satisfy pre-specified, sub-
pleural dimensions. By reducing the area of each image
frame that is processed, the processing capacity may be
reduced and the processing speed enhanced. The region
of interest 302 may extend downward from the pleural
line 304, away from the surface of the patient. Accord-

ingly, the pleural line can provide an anatomical landmark
utilized by the system to determine various consolidation
statistics, such as depth, location, and size variations.
The depth of the region of interest 302 may span the
distance necessary to capture sub-pleural consolida-
tions, which are typically located immediately beneath
the pleural line, and deep lung consolidations, which are
located deeper beneath the pleural line. In some exam-
ples, the user may input a desired depth of the region of
interest, for example if the user’s objective is to examine
a particular, known consolidation. In some embodiments,
e.g., for examining deep lung consolidations, the user
may specify a maximum depth for the region of interest.
In some examples, the region of interest may be system-
atically defined using patient-specific data, which may be
input into the system prior to initiation of the ultrasound
scan, or the region of interest may have a consistent
depth which is systematically defined based on historical
medical data.
[0028] FIG. 3B is an ultrasound image 306 of an ab-
normal lung acquired via an example system disclosed
herein, showing a region of interest 308 beneath a pleural
line 310. As shown, a plurality of lung consolidations 312,
visible as distinct, spot-like hyperechoic regions, are vis-
ible within the region of interest 308. Lung consolidations
such as those shown in FIG. 3B may appear in patients
harboring air bronchograms, which are air-filled bronchi.
In additional examples, one or more reverberation arte-
facts, e.g., vertical B-lines, may also appear within the
region of interest 308, for instance at an early stage of
various pulmonary diseases. Fluid bronchograms may
also be produced as a result of lung consolidation, which
may appear as one or more hypoechoic regions in an
ultrasound image.
[0029] To identify the lung consolidations 312 visible
within the ultrasound image 306 shown in FIG. 3B, a proc-
essor, e.g., processor 126, can be configured to deter-
mine at least one uniformity characteristic embodied by
the image. Quantifiable differences between the uniform-
ity characteristic of the region of interest 302 shown in
FIG. 3A and the region of interest 308 shown in FIG. 3B
can then be utilized to confirm the presence or absence
of lung consolidations. In particular embodiments, sys-
tems may be configured to identify the uniformity char-
acteristic by determining intensity amplitudes for individ-
ual pixels via analysis of each pixel within the image
frames acquired by an ultrasound transducer. Intensity
amplitudes may be determined by one or more proces-
sors, such as the signal processor 122 and/or data proc-
essor 126 shown in FIG. 1. Using the intensity ampli-
tudes, the processor(s) may proceed to determine the
average amplitude of the pixels throughout the region of
interest, along with the standard deviation therefrom. The
determinations made by the processor(s) may be ex-
pressed as a function of depth beneath the pleural line
or one or more additional anatomical features.
[0030] As shown in FIG. 3B, the lung consolidations
312 have a substantially higher and consistent amplitude
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than the background area comprising the region of inter-
est 308. By contrast, the region of interest 302 shown in
FIG. 3A lacks similar high-amplitude regions. As a result,
the standard deviation from the average amplitude may
be greater for the region of interest 308 shown in FIG.
3B compared to the standard deviation of the region of
interest 302 shown in FIG. 3A. Greater standard devia-
tions resulting from the echogenic consolidations 312 can
be utilized by systems herein to confirm that the region
of interest 308 includes at least one lung consolidation.
In some examples, systems may be configured to apply
a threshold to distinguish regions of interest lacking any
consolidation, e.g., region of interest 302, from regions
of interest containing at least one consolidation, e.g., re-
gion of interest 308. The threshold applied by the system
may be based on accumulated medical data, which may
be patient-specific in some embodiments. For example,
such data may provide the minimum standard deviation
that is consistently indicative of lung consolidation, or the
minimum standard deviation that indicates a clinically rel-
evant risk of lung consolidation presence. Standard de-
viations above this threshold value may be indicative of
the presence of lung consolidation, and standard devia-
tions below this threshold value may be indicative of the
absence of lung consolidation.
[0031] In some embodiments, systems may be config-
ured to detect the speckle size present within the ultra-
sound image 306, based on the amplitudes of the pixels
comprising the image. As determined with respect to
standard deviation values, speckle size for a normal lung
may be smaller than speckle size for a lung harboring
one or more consolidations. Accordingly, systems con-
templated herein can be configured to apply a threshold
speckle size to a speckle size value extracted from a
region of interest. Speckle sizes above the threshold may
indicate the presence of lung consolidation, while speckle
sizes below the threshold may indicate an absence of
lung consolidation. Embodiments may involve determin-
ing local speckle size in both the lateral and axial direc-
tion.
[0032] In some examples, the presence or absence of
lung consolidation within a region of interest, along with
associated consolidation type(s) and spatial boundaries,
may be determined via systems herein by generating
spatial correlation or de-correlation maps of the region
of interest. As shown in FIGS. 4 and 5 and described
below, high spatial correlation within a region of interest
may be indicative of lung consolidation, while low spatial
correlation may be indicative of normal, consolidation-
free lung tissue. By precisely determining the spatial cor-
relation properties within processed ultrasound image
frames, systems herein may improve the sensitivity of
consolidation detection, especially for patients harboring
only small to moderately sized consolidations, for which
correlation properties may be difficult to discern.
[0033] FIG. 4A is an ultrasound image 400 of a normal
lung, showing a region of interest 402 beneath a pleural
line 404 and a portion of the chest wall 406. As shown,

the region of interest 402 is devoid of any lung consoli-
dations or any imaging artefacts. The majority of the area
below the pleural line 404 thus lacks any distinct echo-
genic features. To determine the spatial correlation prop-
erties of the region of interest, systems can be configured
to determine intensity amplitudes for individual pixels via
analysis of each pixel within the image frames acquired
by an ultrasound transducer. To determine the spatial
correlation of such amplitudes, a processor can compare
the amplitudes of laterally spaced pixel pairs. As an ex-
ample, a processor can determine amplitude values
along a one-pixel-wide reference line 408 that extends
vertically through the region of interest 402 and above
the pleural line 404, near the 2-cm mark in the particular
example shown. The amplitude value at each pixel varies
along the reference line 408 as it passes through various
features visible within the image 400, ranging from rela-
tively high values when passing through bright regions,
and relatively low values when passing through dark re-
gions. To determine the spatial correlation of the ampli-
tude values within the region of interest 402, the pixelated
amplitudes for various numbers of additional lines, e.g.,
five lines, each laterally spaced at a different interval with
respect to the reference line 408, may also be selected
and compared to the individual amplitudes of the refer-
ence line 408 as a function of anatomical depth. Based
on the size of the lateral interval between the reference
line 408 and each additional line, along with the amplitude
values for each line, spatial correlation can be deter-
mined. In some examples, the chest wall, which may
have relatively consistent acoustic properties, e.g., high
intensity and high spatial correlation, can be used as a
reference amplitude. In some embodiments, spatial cor-
relation values may be stored and accumulated to refine
consolidation thresholds based on a sample of patients.
[0034] In some examples, systems herein may be con-
figured to determine spatial de-correlation properties and
generate spatial maps accordingly. For example, reduc-
tions in spatial correlation across defined pixel intervals,
e.g., two pixels, can be determined and quantified as a
de-correlation value. According to such examples, spa-
tial de-correlation may be higher for normal lung tissue
and lower for consolidated lung tissue.
[0035] In additional embodiments, spatial correlation
properties can be derived as a function of ultrasound
transmittal changes, e.g., the width of the transmitted ul-
trasound beam. As beam width is adjusted, spatial cor-
relation (or de-correlation) properties may vary in a dis-
tinct manner depending on whether normal or consoli-
dated tissue is present. For example, for consolidated
lung tissue, localized spatial correlation values may in-
crease as the ultrasound beam width used to interrogate
the tissue is also increased. By contrast, for normal tis-
sue, localized spatial correlation values may remain rel-
atively constant as beam width is increased. Detecting
these distinctions regarding the extent of localized spatial
correlation in consolidated versus normal tissue may in-
volve performing multiple ultrasound scans, each scan
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performed using a transmittal beam of distinct width. Spa-
tial correlation or de-correlation values determined for
each scan can then be compared to determine and char-
acterize the relationship between changing the beam
width and the resulting spatial correlation or de-correla-
tion values detected.
[0036] FIG. 4B is a graph 410 of image amplitude as
a function of anatomical depth for each of five additional
lines along which amplitude was measured in image 400.
The lines are numbered in accordance with their distance
from the reference line, i.e., line 1 is the closest and line
5 is the furthest. As shown, amplitude values remain rel-
atively low from a depth of 0 cm to about 6 cm for each
of the lines, regardless of their separation from the ref-
erence line 408. The amplitude peaks around the more
shallow depths within the region of interest correspond
to the echogenic features of the chest wall and pleural
interface.
[0037] FIG. 4C is a graph 412 of spatial correlation as
a function of anatomical depth. The spatial correlation
depicted in the graph 412 is based on a comparison be-
tween each of the lines shown in FIG. 4B and the refer-
ence line 408. As shown, spatial correlation is high at the
more shallow depths spanning about zero to about 2.2
cm, regardless of interval size, where the chest wall and
pleural line produce similarly echogenic signatures. Be-
neath the pleural line, for example beginning at about 2.2
cm, the spatial correlation between each interval and the
reference line 408 drops substantially. Within this sub-
region, correlation values approach zero at several
depths, where the image is characterized primarily by
spatial randomness. Correlation values are especially
low for lines more laterally separated from the reference
line, e.g., line #5. Thus, amplitude values change sub-
stantially upon moving laterally away from the reference
line at most depths below about 2.2 cm, where the image
400 lacks defined areas of brightness. Such spatial ran-
domness may serve as an acoustic signature of consol-
idation-free regions of a lung being scanned. According-
ly, systems described herein may be configured to con-
firm that a region of interest lacks consolidations by de-
tecting areas of similar spatial randomness.
[0038] FIG. 5A is an ultrasound image 500 of an ab-
normal lung, showing a region of interest 502 beneath a
pleural line 504 and a portion of the patient’s chest wall
506. Using a processor, a reference line 508 may be
defined, which passes through multiple tissue-like con-
solidations 510 demarcated by similarly echogenic, tis-
sue-like patterns. Due to the strong, tissue-like patterns
appearing in the region of interest 502, the spatial corre-
lation between the amplitude values of laterally separat-
ed image pixels may be moderate to high, which the proc-
essor can be configured to determine by calculating the
amplitude correlations between multiple pairs of laterally
separated pixels within the ultrasound image.
[0039] FIG. 5B is a graph 512 of image amplitude as
a function of anatomical depth for each of the five addi-
tional lines for which amplitude was measured in image

500, each line laterally separated from the reference line
by a different interval size. As in graph 410, the graph
512 of FIG. 5B shows amplitude spikes at shallow depths,
where the chest wall and pleural line produce strong,
echogenic signatures. Unlike the amplitude values
shown in graph 410, however, the amplitude values
shown in graph 512 spike repeatedly and nearly uniform-
ly at greater depths beneath the pleural line, for example
at depths of about 5, 7, 9 and 12 cm. Anatomical depths
associated with low amplitude values, for example from
about 2 cm to slightly less than 5 cm, are nearly uniformly
low for each of the lines analyzed.
[0040] FIG. 5C is a graph 514 of spatial correlation as
a function of anatomical depth. The spatial correlation
depicted in the graph 514 is based on a comparison be-
tween each of the lines shown in FIG. 5B and the refer-
ence line 508 extending through the region of interest at
about the 2 cm mark. As shown, spatial correlation be-
tween the reference line 508 and each of the variously
spaced comparison lines is relatively high throughout the
image depth spanning 0 cm to 12 cm. Reductions in spa-
tial correlation, for example around 4 and 6 cm, corre-
spond to sub-regions of greater spatial randomness,
which lack defined areas of brightness. In contrast to the
spatial correlation information generated from the image
400 shown in FIG. 4A, the spatial correlation of the region
of interest 502 defined in FIG. 5A is relatively high, even
upon moving laterally away from the reference line 508.
Such spatial consistency may serve as an acoustic sig-
nature for one or more lung consolidations present within
a lung being scanned. Accordingly, systems provided
herein may be configured to confirm that a region of in-
terest contains lung consolidation by detecting areas of
similarly high spatial correlation.
[0041] For reference, FIG. 6A again shows the ultra-
sound image 500 of FIG. 5A. FIG. 6B is a spatial corre-
lation map 600 generated using the amplitudes detected
in image 500. To generate the map, a processor can be
configured to perform spatial correlation analysis based
on the image amplitudes of each pixel comprising the
ultrasound image 400. In some embodiments, the system
can be configured to determine spatial correlation values
produced by a defined lateral interval of pixels, e.g., 1,
2, 4, 8, 16, 24 pixels, or any range therebetween. Using
the defined lateral pixel interval, the processor can iden-
tify areas of high spatial correlation, low spatial correla-
tion, and correlation values therebetween. Spatial de-
correlation values can be determined analogously, for
example by subtracting a determined spatial correlation
coefficient from a value of 1. As shown in FIG. 6B, spatial
correlation is high for the majority of the image pixels,
particularly at the high areas 602 marked with arrows.
The high spatial correlation is indicative of the presence
of lung consolidations. In some examples, the lateral in-
terval size may be adjusted by a user. Adjustments may
be necessary to refine the spatial correlation determina-
tions, for example, when detecting relatively small or faint
lung consolidations.
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[0042] FIG. 7A shows the ultrasound image 400 of FIG.
4A adjacent to the spatial correlation map 700 of FIG.
7B. In contrast to the spatial correlation map 600 shown
in FIG. 6B, the spatial correlation map 700 includes dis-
tinct sub-regions of high spatial correlation 702 and low
spatial correlation 704. The highly correlated sub-regions
702 encompass the chest wall and pleural line, while the
sub-regions of low spatial correlation 704 encompass the
area beneath the pleural line lacking any lung consolida-
tions. As can be seen, there is a sharp drop in spatial
correlation beneath the pleural line for the normal lung
depicted in FIGS. 7A and 7B, and a small drop in spatial
correlation beneath the pleural line for the consolidated
lung shown in FIGS. 6A and 6B. The spatial correlation
maps 600, 700 may be generated by one or more proc-
essors, e.g., data processor 126 and display processor
128, and displayed on a display screen or user interface.
In some examples, the maps may be displayed during
an ultrasound scan, adjacent to a live ultrasound image,
or after an ultrasound scan has been completed.
[0043] In some examples, temporal correlation may al-
so be determined via the systems described herein. The
degree of reliance placed on temporal correlation to de-
tect lung consolidation may vary. In some examples, tem-
poral correlation may be implemented to supplement
spatial correlation, such that spatial correlation determi-
nations can be confirmed via temporal correlation. To
successfully correlate tissue structure in a temporal man-
ner, a moderate to high acquisition frame rate may be
necessary; however, temporal correlation may be deter-
mined without a high frame rate if lung motion is slow,
for example at the end of expiration or the peak of inspi-
ration.
[0044] FIG. 8 is an ultrasound image 800 comprising
a plurality of graphic overlays 802 demarcating regions
of lung consolidation. The image 800 of FIG. 8 provides
one example of an ultrasound image that may be dis-
played on a user interface or display screen. Areas of
lung consolidation may be determined in real time during
an ultrasound scan and labeled on the screen using
graphic overlays 802. In other examples, the system may
be configured to indicate the presence of lung consoli-
dations in a different manner. For instance, the graphic
overlays may be color coded, or no overlays may be in-
cluded at all. In some examples, the graphic overlays
may be superimposed on the spatial correlation map gen-
erated by the system. The overlays may be labeled and
accompanied by various statistics determined by the sys-
tem. For instance, each overlay may be accompanied by
an indication of consolidation depth, cross-sectional ar-
ea, volume and/or spatial coordinates. In additional ex-
amples, the overlays may be accompanied by a confi-
dence level determined by the system. The confidence
level may convey the likelihood that a given area within
a region of interest corresponds to a lung consolidation.
For instance, areas of very high spatial correlation, e.g.,
near 1.0, may be assigned a high confidence level, while
areas of moderate spatial correlation, e.g., near 0.6, may-

be assigned at medium confidence level. Embodiments
may include an icon displayed on the image when lung
consolidation is detected.
[0045] After a lung ultrasound scan has been complet-
ed, systems herein may provide a summary report, e.g.,
report 135, comprising information determined during the
scan, e.g., the number and/or size of the lung consolida-
tions detected. The information included in the report may
be generated by a processor, e.g., data processor 126.
Reports may be generated to supplement or replace ul-
trasound images complete with graphic overlays. For ex-
ample, reports may be produced and transmitted to a
clinician for non-imaging applications of the present tech-
nology. In some examples, the type of consolidations de-
tected, e.g., sub-pleural vs. deep, may also be included
in the report. Example reports may also contain informa-
tion regarding variation in lung consolidation determined
over time. For instance, a report may contain information
regarding a change in the volume of one or more con-
solidations relative to a previously determined volume.
Such information may be indicative of the effectiveness
of a particular treatment regimen. For example, reduc-
tions in lung consolidation volume may indicate that an
applied treatment is effective. In some examples, sys-
tems may be configured to determine the proportion of
an intercostal space comprised of lung consolidation.
[0046] FIG. 9 is a block diagram of an ultrasound im-
aging method in accordance with the principles of the
present disclosure. The example method 900 of FIG. 9
shows the steps that may be utilized, in any sequence,
by the systems and/or apparatuses described herein for
identifying lung consolidations during an ultrasound
scan, which may be performed by a novice user via in-
structions or live ultrasound images annotated with lung
consolidation information provided during an ultrasound
scan. The method 900 may be performed by an ultra-
sound imaging system, such as system 100, or other
systems including, for example, a mobile system such
as LUMIFY by Koninklijke Philips N.V. ("Philips"). Addi-
tional example systems may include SPARQ and/or
EPIQ, also produced by Philips.
[0047] In the embodiment shown, the method 900 be-
gins at block 902 by "acquiring echo signals responsive
to ultrasound pulses transmitted into a target region com-
prising a lung by a transducer operatively coupled to an
ultrasound system." In some embodiments, the ultra-
sound transducer may be operated by a user lacking ex-
tensive ultrasound experience.
[0048] At block 904, the method involves "generating
an image frame from the ultrasound echoes." The image
frame may be generated using one or more processors,
which may be included with the transducer in a data ac-
quisition unit. In some examples, discrete signal proces-
sors and data processors may be utilized for generating
the image frame. A plurality of image frames may be gen-
erated at variable frame rates.
[0049] At block 906, the method involves "determining
a uniformity characteristic of a region of interest below a
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pleural line in the image frame." The specific uniformity
characteristic may vary. In some examples, the uniform-
ity characteristic may be quantified in the form of a spatial
correlation map of image intensity. Quantifying the char-
acteristic in the form of a spatial correlation may involve
comparing image intensity values of pairs of individual
pixels within the image frame. The pixel pairs can be
laterally spaced by a defined interval of pixels, which may
be adjustable by a user in some embodiments. In some
embodiments, determining the uniformity characteristic
may involve determining a standard deviation from an
average image intensity.
[0050] At block 908, the method involves "determining
a presence or absence of a lung abnormality within the
region of interest based on a value of the uniformity char-
acteristic." In various implementations, the lung abnor-
mality is lung consolidation, which may be sub-pleural
consolidation and/or deep consolidation. According to
such examples, the method 900 may further involve ap-
plying a threshold value to the uniformity characteristic,
where the presence of a lung consolidation is confirmed
if the value of the uniformity characteristic exceeds the
threshold value.
[0051] At block 910, the method involves "generating
an indicator if a lung abnormality has been determined
to be present." The indicator may take multiple forms,
and may be binary, e.g., off/on, or it may change gradually
to convey a range of information.
[0052] At block 912, the method involves "displaying
the indicator on a user interface in communication with
the processor." Embodiments may further involve gen-
erating a report that includes information about the lung
abnormalities detected. Specific information may in-
clude, in some examples, a number of lung abnormalities
present within the region of interest, a location of the lung
abnormality, a type of the lung abnormality, a variation
in lung abnormality volume, or combinations thereof. Ex-
amples may further involve determining a scan distance
to the lung abnormality during an ultrasound scan.
[0053] As mentioned above, a user interface disclosed
herein, in cooperation with one or more processors, e.g.,
data processor 126, signal processor 122 and/or display
processor 128, can be configured to provide instructions
or information effective to guide a user through an ultra-
sound scan, thereby detecting lung abnormalities, such
as lung consolidations. FIG. 10 shows an example of a
graphic 1000 that maybe generated and displayed on a
user interface, such as user interface 130. The graphic
1000 comprises a chest region of the patient being
scanned, showing both lungs 1002, 1004. Within the
lungs, the graphic 1000 includes abnormality indicators
1006, 1008, 1010 superimposed over abnormality loca-
tions that were determined through one or more previ-
ously performed ultrasound scans. By aligning an ultra-
sound probe with the locations 1006, 1008, 1010 provid-
ed on the graphic 1000, a user can obtain image frames
of the previously identified lung abnormalities. Upon de-
tection of new abnormalities, the graphic can be updated

to include new indicators at the correct anatomical loca-
tions. The indicators 1006, 1008, 1010 may also be la-
beled in terms of the severity of an abnormality. For ex-
ample, an indicator may be color-coded red if the under-
lying abnormality is particularly large or fast-growing,
while the indicator may be color-coded blue if the under-
lying abnormality is relatively minor or slowly-changing,
or even decreasing in size, thus providing an indication
of treatment effectiveness. In some examples, each in-
dicator may correspond to the size, shape and/or type of
the underlying abnormality. For example, one or more
processors herein may be configured to generate, in co-
operation with the user interface, larger indicators to des-
ignate larger abnormalities, and vice-versa.
[0054] In some embodiments, the indicators 1006,
10008, 1010 can be displayed concurrently with user in-
structions 1012, 1014, 1016 for positioning and/or orient-
ing the ultrasound probe in the manner necessary to im-
age the underlying abnormalities. In various examples,
an instruction may include at least a probe angle with
respect to the surface of the patient and an orientation.
Instructions may also include the probe settings used to
detect or monitor an abnormality during at least one pre-
vious scan. In some embodiments, the instructions may
be accompanied by general information about a lung ab-
normality, e.g., volume, volume change rate, depth, se-
verity, etc.
[0055] In various embodiments where components,
systems and/or methods are implemented using a pro-
grammable device, such as a computer-based system
or programmable logic, it should be appreciated that the
above-described systems and methods can be imple-
mented using any of various known or later developed
programming languages, such as "C", "C++", "FOR-
TRAN", "Pascal", "VHDL" and the like. Accordingly, var-
ious storage media, such as magnetic computer disks,
optical disks, electronic memories and the like, can be
prepared that can contain information that can direct a
device, such as a computer, to implement the above-
described systems and/or methods. Once an appropriate
device has access to the information and programs con-
tained on the storage media, the storage media can pro-
vide the information and programs to the device, thus
enabling the device to perform functions of the systems
and/or methods described herein. For example, if a com-
puter disk containing appropriate materials, such as a
source file, an object file, an executable file or the like,
were provided to a computer, the computer could receive
the information, appropriately configure itself and per-
form the functions of the various systems and methods
outlined in the diagrams and flowcharts above to imple-
ment the various functions. That is, the computer could
receive various portions of information from the disk re-
lating to different elements of the above-described sys-
tems and/or methods, implement the individual systems
and/or methods and coordinate the functions of the indi-
vidual systems and/or methods described above.
[0056] In view of this disclosure it is noted that the var-
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ious methods and devices described herein can be im-
plemented in hardware, software and firmware. Further,
the various methods and parameters are included by way
of example only and not in any limiting sense. In view of
this disclosure, those of ordinary skill in the art can im-
plement the present teachings in determining their own
techniques and needed equipment to affect these tech-
niques, while remaining within the scope of the invention.
The functionality of one or more of the processors de-
scribed herein may be incorporated into a fewer number
or a single processing unit (e.g., a CPU) and maybe im-
plemented using application specific integrated circuits
(ASICs) or general purpose processing circuits which are
programmed responsive to executable instruction to per-
form the functions described herein.
[0057] Although the present system may have been
described with particular reference to an ultrasound im-
aging system, it is also envisioned that the present sys-
tem can be extended to other medical imaging systems
where one or more images are obtained in a systematic
manner. Accordingly, the present system may be used
to obtain and/or record image information related to, but
not limited to renal, testicular, breast, ovarian, uterine,
thyroid, hepatic, lung, musculoskeletal, splenic, cardiac,
arterial and vascular systems, as well as other imaging
applications related to ultrasound-guided interventions.
Further, the present system may also include one or more
programs which may be used with conventional imaging
systems so that they may provide features and advan-
tages of the present system. Certain additional advan-
tages and features of this disclosure may be apparent to
those skilled in the art upon studying the disclosure, or
may be experienced by persons employing the novel sys-
tem and method of the present disclosure. Another ad-
vantage of the present systems and method may be that
conventional medical image systems can be easily up-
graded to incorporate the features and advantages of the
present systems, devices, and methods. Of course, it is
to be appreciated that any one of the examples, embod-
iments or processes described herein may be combined
with one or more other examples, embodiments and/or
processes or be separated and/or performed amongst
separate devices or device portions in accordance with
the present systems, devices and methods.
[0058] Finally, the above-discussion is intended to be
merely illustrative of the present system and should not
be construed as limiting the appended claims to any par-
ticular embodiment or group of embodiments. Thus,
while the present system has been described in particular
detail with reference to exemplary embodiments, it
should also be appreciated that numerous modifications
and alternative embodiments may be devised by those
having ordinary skill in the art without departing from the
broader and intended spirit and scope of the present sys-
tem as set forth in the claims that follow. Accordingly, the
specification and drawings are to be regarded in an illus-
trative manner and are not intended to limit the scope of
the appended claims.

Claims

1. An ultrasound imaging system comprising:

an ultrasound transducer configured to acquire
echoes responsive to ultrasound pulses trans-
mitted toward a target region comprising a lung;
a processor in communication with the ultra-
sound transducer and configured to:

generate an image frame from the echoes;
determine a uniformity characteristic of a re-
gion of interest below a pleural line in the
image frame;
determine a presence or absence of a lung
abnormality within the region of interest
based on a value of the uniformity charac-
teristic;
generate an indicator if a lung abnormality
has been determined to be present; and
display the indicator on a user interface in
communication with the processor.

2. The ultrasound imaging system of claim 1, wherein
the processor is configured to quantify the uniformity
characteristic in the form of a spatial correlation map
of image intensity.

3. The ultrasound imaging system of claim 2, wherein
the processor is configured to determine the spatial
correlation map by comparing image intensity values
of pairs of individual pixels within the image frame,
the pairs laterally separated by a defined interval of
pixels.

4. The ultrasound imaging system of claim 3, wherein
the processor is configured to adjust the defined in-
terval of pixels in response to a user input received
at the user interface.

5. The ultrasound imaging system of any of claims 1-4,
wherein the uniformity characteristic comprises a
standard deviation from an average image intensity
and/or a total speckle size within the region of inter-
est.

6. The ultrasound imaging system of any of claims 1-5,
wherein the lung abnormality is lung consolidation,
and wherein the processor is further configured to
apply a threshold value to the uniformity character-
istic, wherein the presence of a lung consolidation
is confirmed if the value of the uniformity character-
istic exceeds the threshold value.

7. The ultrasound imaging system of any of claims 1-6,
wherein the user interface is further configured to
display a number of lung abnormalities present with-
in the region of interest, a location of the lung abnor-
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mality, a type of the lung abnormality, a variation in
lung abnormality volume, or combinations thereof.

8. The ultrasound imaging system of any of claims 1-7,
wherein the user interface is configured to generate
and display an ultrasound image during an ultra-
sound scan, wherein the indicator comprises a
graphic overlay superimposed on the lung abnormal-
ity within the ultrasound image.

9. The ultrasound imaging system of any of claims 1-8,
wherein the user interface is further configured to
guide a user through an ultrasound scan of the target
region of a patient by providing an instruction for ori-
enting the ultrasound transducer, and wherein pref-
erably the instruction is based on a previously con-
ducted ultrasound scan of the patient and stored in
a memory coupled with the processor.

10. A method of ultrasound imaging, the method com-
prising:

acquiring echo signals responsive to ultrasound
pulses transmitted into a target region compris-
ing a lung by a transducer operatively coupled
to an ultrasound system; generating an image
frame from the ultrasound echoes;
determining a uniformity characteristic of a re-
gion of interest below a pleural line in the image
frame;
determining a presence or absence of a lung
abnormality within the region of interest based
on a value of the uniformity characteristic;
generating an indicator if a lung abnormality has
been determined to be present; and
displaying the indicator on a user interface in
communication with the processor.

11. The method of claim 10, further comprising quanti-
fying the uniformity characteristic in the form of a
spatial correlation map of image intensity, preferably
by means of comparing image intensity values of
pairs of individual pixels within the image frame, the
pairs laterally separated by a defined interval of pix-
els.

12. The method of claim 10 or 11, further comprising at
least one of:

- generating a report comprising a number of
lung abnormalities present within the region of
interest, a location of the lung abnormality, a
type of the lung abnormality, a variation in lung
abnormality volume, or combinations thereof;
- guiding a user through an ultrasound scan of
the target region of a patient by providing an
instruction for orienting the ultrasound transduc-
er; and

- determining a scan distance to the lung abnor-
mality during an ultrasound scan.

13. A non-transitory computer-readable medium com-
prising executable instructions, which when execut-
ed cause a processor of an ultrasound imaging sys-
tem to perform any of the methods of claims 10-12.

14. A non-transitory computer-readable medium com-
prising executable instructions, which when execut-
ed cause a processor of an ultrasound system to:

receive an image frame, the image frame being
generated from ultrasound echo data acquired
from a target region comprising a lung;
determine a uniformity characteristic of a region
of interest below a pleural line in the image
frame;
determine a presence or absence of a lung ab-
normality within the region of interest based on
a value of the uniformity characteristic; and
generate an indicator if a lung abnormality has
been determined to be present.

15. An apparatus for detecting lung abnormality on basis
of ultrasound echo data, comprising:

a data interface configured to:

receive an image frame, the image frame
being generated from ultrasound echo data
acquired from a target region comprising a
lung; and
output an indicator if a lung abnormality has
been determined to be present; and

a processor configured to:

determine a uniformity characteristic of a re-
gion of interest below a pleural line in the
image frame;
determine a presence or absence of a lung
abnormality within the region of interest
based on a value of the uniformity charac-
teristic; and
generate the indicator if a lung abnormality
has been determined to be present.
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