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(57) Abstract: The present disclosure pertains to computer-assisted search
of'image slices. In some embodiments, an image slice having a detected find-
ing (and representing a cross section of at least a portion of an individual)
may be determined. A search space may be reduce to a subset of image slices
respectively representing a cross section corresponding to the cross section
represented by the determined image slice. The search space reduction may
comprise filtering a set of image slices based on the cross section represented
by the determined image slice. Image slice information related to the deter-
mined image slice and related one or more image slices (of the image slices
subset) may be obtained based on the search space reduction. A determina-
tion of whether indications of the detected finding exist in the image slices
(of the image slices subset) may be effectuated based on the image slice in-
formation.
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SYSTEMS AND METHODS FOR COMPUTER-ASSISTED SEARCH OF IMAGE
SLICES FOR INDICATIONS OF A FINDING

BACKGROUND

1. Field
The present disclosure relates to systems and methods for facilitating

computer-assisted search of image slices for indications of a finding.

2. Description of the Related Art

Advances in medical imaging techniques involving computed tomography
(CT), Magnetic resonance imaging (MRI), mammography, or other technologics have
enabled physicians, clinicians, or other service providers to help patients detect various
medical conditions (e.g., tumors or other masses) in their early stages, as well as perform
close monitoring of such medical conditions as they develop inside the patients’ bodies.
Moreover, improvements in processing power, memory and storage capacity, or other
resources in computer systems has enabled physicians or other users to more easily
capture or obtain medical images (e.g., medical image slices or other images), videos, or
other items related to patients, and more quickly search and identify the images, videos, or
other items of relevance to such users.

As an example, if a physician observes a particular finding (e.g., a tumor or
other mass) in one or more image slices captured during a recent examination of a patient,
the physician may utilize a computer system in communication with a database of image
slices from prior examinations of the patient to search the database for image slices with
one or more indications of the particular finding to determine whether the particular
finding is a new development or whether the particular finding was simply undetected
during prior examinations. However, given the size of the images and other related items
generated by typical medical imaging techniques (e.g., due to the high resolution of such
imaging) and the large number of images generated for a single patient, searching a

database of images associated with a patient to automatically identify the patient’s images
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that might show evidence of a newly discovered finding can be extremely time-consuming
and inefficient (e.g., especially if conducted on a set of image slices that include image

slices from multiple prior examinations). These and other drawbacks exist.

SUMMARY

Accordingly, one aspect of the disclosure relates to a system for facilitating
computer-assisted search of image slices for indications of a finding. The system includes
one or more processors and/or other components. The one or more processors are
configured by machine-readable instructions to: determine an image slice that includes a
detected finding related to an individual, the determined image slice representing a cross
section of at least a portion of the individual during an examination of the individual;
reduce a search space to a subset of image slices including image slices that respectively
represent a cross section corresponding to the cross section represented by the determined
image slice, wherein reducing the search space includes filtering a set of image slices based
on the cross section represented by the determined image slice, the image slices set
including image slices that respectively represent a cross section of at least a portion of the
individual during one or more other examinations of the individual; obtain first image slice
information related to the determined image slice; obtain, based on the search space
reduction, second image slice information related to one or more image slices of the image
slices subset; and determine, based on the first image slice information and the second
image slice information, whether one or more indications of the detected finding exist in
the one or more image slices of the image slices subset.

Another aspect of the disclosure relates to a method for facilitating
computer-assisted search of image slices for indications of a finding. The method includes:
determining an image slice that includes a detected finding related to an individual, the
determined image slice representing a cross section of at least a portion of the individual
during an examination of the individual; reducing a search space to a subset of image slices

including image slices that respectively represent a cross section corresponding to the
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cross section represented by the determined image slice, wherein reducing the search
space includes filtering a sct of image slices based on the cross section represented by the
determined image slice, the image slices set including image slices that respectively
represent a cross section of at least a portion of the individual during one or more other
examinations of the individual; obtaining first image slice information related to the
determined image slice; obtaining, based on the search space reduction, second image slice
information related to one or more image slices of the image slices subset; and
determining, based on the first image slice information and the second image slice
information, whether one or more indications of the detected finding exist in the one or
more image slices of the image slices subset.

Another aspect of the disclosure relates to a system for facilitating
computer-assisted search of image slices for indications of a finding. The system includes:
means for determining an image slice that includes a detected finding related to an
individual, the determined image slice representing a cross section of at least a portion of
the individual during an examination of the individual; means for reducing a search space
to a subset of image slices including image slices that respectively represent a cross section
corresponding to the cross section represented by the determined image slice, wherein
reducing the secarch space includes filtering a sct of image slices based on the cross section
represented by the determined image slice, the image slices set including image slices that
respectively represent a cross section of at least a portion of the individual during one or
more other examinations of the individual, means for obtaining first image slice
information related to the determined image slice; means for obtaining, based on the
search space reduction, second image slice information related to one or more image slices
of the image slices subset; and means for determining, based on the first image slice
information and the second image slice information, whether one or more indications of
the detected finding exist in the one or more image slices of the image slices subset.

These and other features and characteristics of the present invention, as
well as the methods of operation and functions of the related elements of structure and the

combination of parts and economies of manufacture, will become more apparent upon
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consideration of the following description and the appended claims with reference to the
accompanying drawings, all of which form a part of this specification, wherein like
reference numerals designate corresponding parts in the various figures. It is to be
expressly understood, however, that the drawings are for the purpose of illustration and

description only and are not intended as a definition of the limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a system configured for facilitating computer-assisted
search of image slices for indications of a finding, in accordance with one or more
embodiments.

FIGs. 2a-2e illustrate image slices captured via different medical modalities,
in accordance with one or more embodiments.

FIGs. 3a-3e illustrate graphical analyses of image slices, in accordance with
one or more embodiments.

FIGs. 4a-4b illustrate a user interface presenting relevant image slices
derived from an autonomous search of image slices, in accordance with one or more
embodiments.

FIG. 5 illustrates a method for facilitating computer-assisted search of

image slices for indications of a finding, in accordance with one or more embodiments.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

€C,. % ¢
a

As used herein, the singular forms of “a”, “an”, and “the” include plural
references unless the context clearly dictates otherwise. As used herein, the term “or”
means “and/or” unless the context clearly dictates otherwise. As used herein, the
statement that two or more parts or components are “coupled” shall mean that the parts
are joined or operate together either directly or indirectly, i.e., through one or more
intermediate parts or components, so long as a link occurs. As used herein, “directly

coupled” means that two elements are directly in contact with each other. As used herein,
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“fixedly coupled” or “fixed” means that two components are coupled so as to move as one
while maintaining a constant orientation relative to each other.

As used herein, the word “unitary” means a component is created as a
single piece or unit. That is, a component that includes picces that are created separately
and coupled together as a unit is not a “unitary” component or body. As employed herein,
the statement that two or more parts or components “engage” one another shall mean that
the parts exert a force against one another either directly or through one or more
intermediate parts or components. As employed herein, the term “number” shall mean one
or an integer greater than one (i.e., a plurality).

Directional phrases used herein, such as, for example and without
limitation, top, bottom, left, right, upper, lower, front, back, and derivatives thercof, relate
to the orientation of the elements shown in the drawings and are not limiting upon the
claims unless expressly recited therein.

FIG. 1 shows a system 100 configured for facilitating computer-assisted
search of image slices for indications of a finding. In some embodiments, system 100 may
include one or more servers 102. The server(s) 102 may be configured to communicate
with one or more computing platforms 104 according to a client/server architecture, a
peer-to-peer architecture, and/or other architectures. The users may access system 100 via
computing platform(s) 104. The server(s) 102 may be configured to execute machine-
readable instructions. The machine-readable instructions may include a detection
component 106, a secarch reduction component 108, an image slice component 110, an
annotation component 112, a presentation component 114, or other components.

As indicated above, although improvements in processing power, memory
and storage capacity, or other resources in computer systems has enabled physicians,
clinicians, or other users to more quickly search and identify relevant images, videos, or
other items of relevance to such users, typical computer systems often fail to enable their
users to search, obtain, and identify a patient’s image slices having specific characteristics
(e.g., evidence of a tumor/mass or other finding). In one use case, if a physician observes

a particular finding (e.g., a tumor or other mass) in one or more image slices captured
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during a recent examination of a patient, the physician may utilize a computer system in
communication with a database of image slices from prior examinations of the patient to
search the database for image slices with one or more indications of the particular finding
to determine whether the particular finding is a new development or whether the particular
finding was simply undetected during prior examinations. However, given the size of the
images and other related items generated by typical medical imaging techniques (e.g., due
to the high resolution of such imaging) and the large number of images generated for a
single patient, searching a database of images associated with a patient to automatically
identify the patient’s images that might show evidence of a newly discovered finding can
be extremely time-consuming and inefficient.

In some embodiments, to reduce the time and/or the amount of
computational resources (e.g., processing power, memory usage, ctc.) for such a search
and/or processing of search results therefrom, system 100 may reduce a search space from
a larger set of an individual’s image slices (e.g., captured during one or more examinations
of the individual) to a smaller subset of the larger set of the individual’s image slices.
Information related to the image slices of the reduced, smaller subset may be obtained and
processed to automatically identify the most relevant ones of the image slices for the user.
As used herein, an image slice may include an image representing a cross section of at
least a portion of one or more items (e.g., at least a portion of an individual or other item),
a frame of a video representing a cross section of at least a portion of the items, or other
aspect of media representing a cross section of at least a portion of the items.

In some embodiments, if a given image slice captured during a given
examination of an individual is determined to have a particular finding (e.g., tumor/mass or
other finding is shown in the given image slice), system 100 may automatically determine
whether there is evidence of the particular finding in any image slices captured during one
or more other examinations of the individual. As an example, system 100 may
automatically detect evidence of the particular findings in other image slices based on a
processing of the other image slices (e.g., based on one or more disease-specific

recognition models, information related to a region (within the given image slice) that
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includes the particular finding, etc.). As another example, if the given image slice
represents a specific cross section of at least a portion of the individual during the given
examination, system 100 may automatically reduce a search space to a subset of image
slices including image slices that respectively represent cross sections corresponding to the
specific cross section, other cross sections adjacent or proximate the corresponding cross
sections, or other cross sections. System 100 may perform the search space reduction by
filtering a larger set of image slices based on the specific cross section (represented by the
given image slice that shows the particular finding) to reduce the search space to the
smaller subset of image slices. Other techniques, including those described herein in
further detail below, for reducing the search space may additionally or alternatively be
performed in some embodiments to increase the efficiency of such a search and/or
processing of search results therefrom.

In some embodiments, detection component 106 may determine an image
slice that includes a detected finding related to an individual. As an example, the
determined image slice may represent a cross section of at least a portion of the individual
during a given examination of the individual (e.g., a recent examination of the individual).
The determined image slice may, for instance, be used as a reference image slice for
searching a database of image slices and determining whether one or more indications of
the detected finding exist in one or more other image slices representing at least a portion
of the individual during one or more other examinations (¢.g., prior to the given
examination, subsequent to the given examination, etc.). As another example, FIGs. 2a,
2b, 2¢, 2d show image slices depicting detected tumors/masses (¢.g., as marked with
rectangular boxes), where the image slices are captured via different imaging techniques.
In one use case, FIG. 2a shows a mass of liver in a region of interest in a CT scan slice.
FIG. 2b shows nodules in the lungs in a region of interest in the CT scan slice. FIG. 2¢
shows a tumor in a brain in a region of interest in a MRI scan slice. FIG. 2d shows a mass
in a breast in a region of interest in an X-ray scan slice.

In some embodiments, detection component 106 may select an image slice

(or a portion thereof) to be used as a reference image slice. In some embodiments, the
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selection of the image slice may be based on one or more user inputs, such as a user
selection of the image slice, a user selection of a region within the image slice, or other
user inputs. In some embodiments, the selection of the image slice may be based on a
processing of image slices (e.g., associated with a recent examination of an individual) to
automatically detect tumors or other findings. As an example, one or more disease-
specific recognition models may be used to perform disease recognition on one or more
sets of image slices to determine whether any of the image slices show evidence of specific
discases. In one scenario, a liver-tumor-specific model may be used to perform tumor
recognition in image slices that represent cross sections of an individual’s liver. A lung-
tumor-specific model may be used to perform tumor recognition in image slices that
represent cross sections of an individual’s lung. A brain-tumor-specific model may be
used to perform tumor recognition in image slices that represent cross sections of an
individual’s brain. A breast-tumor-specific model may be used to perform tumor
recognition in image slices that represent cross sections of an individual’s breast.

[22] In some embodiments, search reduction component 108 may reduce a
search space from a set of image slices to a subset of image slices. As an example, the
image slices set may include image slices that respectively represent a cross section of at
least a portion of an individual during one or more examinations. Search reduction
component 108 may reduce the search space by filtering the image slices set based on
information related to one or more reference image slices (e.g., image slices that are
determined to include a tumor or other finding). In some embodiments, the image slices
set may be filtered based on a given cross section represented by a reference image slice.
As an example, the image slices set may be filtered such that the search space is reduced to
a subset with (i) image slices that respectively represent a cross section corresponding to
the given cross section, (ii) image slices that respectively represent a cross section adjacent
or proximate the corresponding cross sections, or (3) other image slices. In one scenario,
if a reference image slice is annotated as a Lung Cross Section X, where Lung Cross
Section X is a particular cross section of an individual’s lungs (e.g., a frontal view of the

middle of the individual’s lungs or other particular view), image slices that respectively
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represent a cross section corresponding to the cross section represented by the reference
image slice may be image slices that respectively represent Lung Cross Section X. Image
slices that respectively represent a cross section adjacent the corresponding cross section
may be image slices that respectively represent Lung Cross Section X-1 or Lung Cross
Section X+1. Image slices that respectively represent a cross section proximate the
corresponding cross section may be image slices that respectively represent Lung Cross
Sections X-Y to X+Y, where Y is a proximity threshold number used to determine the
proximate cross sections. In embodiments in which the adjacent or proximate cross
sections are included in the reduced space, a search may be performed on the three-
dimensional views of the relevant portion of an individual while still decreasing the time
and/or the amount of computational resources (e.g., processing power, memory usage,
etc.) for such a search and/or processing of search results therefrom.

In some embodiments, search reduction component 108 may perform
normalization of a given search space to prepare for reduction (or further reduction) of the
space search. In one use case, search reduction component 108 may normalize the
sequences of one or more multi-slice examinations onto a controlled nomenclature of
sequence names (¢.g., for cach of the examinations represented in the given search space).
In a further use case, this normalization step may take into account information from the
sequence header. If the modalities at an institute are configured appropriately and the
technician has received training, this information may be reliable and the normalization
step can be implemented as a table mapping sequence header names onto the controlled
nomenclature of sequence names. In another use case, parameter settings from the Digital
Imaging and Communications in Medicine (DICOM) standards, image processing
techniques, or other data can be leveraged.

In some embodiments, search reduction component 108 may register the
image slices of matching sequences across multi-slice examinations. As an example, the
registration may be based on taking the whole image volume (e.g., for each examination)
into account (e.g., for more global matches across sequences) and/or based on the finding

itself, such as a tumor, lesion, or other finding (e.g., to get more localized matching across
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different sequences). As an example, the registration could be based on either rigid or non-
rigid methods or a combination of both.

In some embodiments, search reduction component 108 may reduce a
search space based on information related to a region (within a given image slice) that
includes a detected finding. As an example, the region may include a user-defined region
(e.g., where size or shape of the region is defined by a user), a region having a size or
shape determined based on a size or shape of the detected finding, or other region. For
example, FIGs. 2a, 2b, 2¢, 2d show image slices with regions of interest marked in the
form of rectangular boxes, each of which defines a two-dimensional region of interest
surrounding the finding of an abnormality. The regions of interest may be drawn by a
clinician (or other user), or the regions of interest may be automatically determined based
on the size or shape of the respective abnormality or other criteria. It should be noted
that, in some scenarios, a region of interest can be of any possible form, and annotation
can be applied to the region of interest including text, symbols, or images (e.g., icon, GIF
image, etc.). As discussed, in one use case, FIG. 2a shows a mass of liver in a region of
interest in a CT scan slice. FIG. 2b shows nodules in the lungs in a region of interest in the
CT scan slice. FIG. 2¢ shows a tumor in a brain in a region of interest in a MRI scan slice.
FIG. 2d shows a mass in a breast in a region of interest in an X-ray scan slice. In another
use case, FIG. 2e shows a schematic depiction of a lesion marked by a user, and this can
be carried out through a standard measurement or as a structured finding object or
differently, e.g., by double clicking or drawing a two-dimensional region of interest (e.g., a
rectangular region, a circular region, etc.).

In some embodiments, search reduction component 108 may reduce a
search space based on a size of a region (within a given image slice) that includes a
detected finding, a shape of the region, a location of the region, or other criteria. In some
embodiments, with respect to image slices captured during an examination of an
individual, search reduction component 108 may reduce a search space to a subset of
image slices that respectively represent a cross section corresponding to the given cross

section or a cross section proximate the corresponding cross sections. As an example,
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search reduction component 108 may determine whether a cross section is in proximity of
another cross section based on a predetermined proximity threshold. The predetermined
proximity threshold may be a default proximity threshold, a user-defined proximity
threshold, a relative threshold determined based on a type of the finding detected in the
given image slice (e.g., type of tumor, mass, or other finding), a relative threshold
determined based on a size or shape of a region that includes a finding of interest

(c.g., tumor or other finding), or other threshold. In one scenario, if a reference image
slice is annotated as a Lung Cross Section X, where Lung Cross Section X is a particular
cross section of an individual’s lungs (e.g., a frontal view of the middle of the individual’s
lungs or other particular view), the search space may be reduced to image slices that
respectively represent Lung Cross Sections X-Y to X+Y, where Y is a proximity
threshold number used to determine the proximate cross sections. In this way, for
example, a search may be performed on the three-dimensional views of the relevant
portion of an individual while still decreasing the time and/or the amount of computational
resources (e.g., processing power, memory usage, etc.) for such a search and/or
processing of search results therefrom.

In some embodiments, with respect to image slices captured during an
examination of an individual, search reduction component 108 may reduce a search space
to certain regions of the image slices within the search space. As an example, where a
search space has already been reduced (e.g., via one or more techniques described herein),
search reduction component may further reduce the search space to certain regions of the
image slices within the reduced scarch space. As an example, the search space may be
further reduced based on a location of a region of interest in a reference image slice
(c.g., a location of the region of interest with respect to the individual’s body, a location of
the region of interest with respect to the reference image slice as a whole, etc.). In one
use case, a reduced search space may be further reduced to regions of the image slices
within the search space that correspond to the region of interest in the reference image
slice. With respect to FIG. 2a, for example, a search space may be reduced to regions of

image slices (with the search space) having the same or similar size, shape, and/or relative
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location as the region of the reference image slice shown in FIG. 2a (e.g., because the
region of interest in the reference image slice is on the left side from the current
perspective, the regions that remain in the reduced search space are regions in the left side
on the remaining image slices).

In some embodiments, search reduction component 108 may reduce a
search space by selecting, from a set of examinations, one or more examinations based on
(1) a time of a given examination during which a reference image slice was captured, (ii) a
time criteria, (iii) an individual for which at least a portion is represented by the reference
image slice, (iv) an organ or arca (of the individual) that is represented by the reference
image slice, (v) or other criteria. Search reduction component 108 may reduce the search
space such that the reduced search space is constrained to image slices captured during the
selected examinations. In some embodiments, the reduced search space may be further
reduced via one or more other techniques (e.g., as described herein). As an example,
when a given image slice captured during a recent examination of an individual is detected
to have a particular finding (c.g., a tumor or other finding), search reduction component
108 may select one or more other examinations from a set of examinations of that
individual based on the sclected examinations (i) being at least a predetermined threshold
amount of time from the time at which the recent examination occurred, (ii) being at least
a predetermined threshold amount of time from the times at which other ones of the
selected examinations occurred, (iii) being examinations of an organ or area for which the
recent examination was performed, or (iv) other criteria. As an example, one or more
predetermined threshold amount of times (to be used to select which examinations should
be included in a search space) may be a default threshold, a user-defined threshold, a
relative threshold determined based on a type of the finding detected in the given image
slice (e.g., type of tumor, mass, or other finding), a relative threshold determined based on
a size or shape of the finding detected in the given image slice (e.g., size or shape of
tumor, mass, or other finding), or other threshold.

In some embodiments, image slice component 110 may obtain information

related to a reference image slice (e.g., determined to have a detected finding), information
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related to one or more image slices of a search space (e.g., a reduced search space derived
via one or more techniques described herein), or other information. Based on the obtained
information, image slice component 110 may determine whether one or more indications
of the detected finding exist in the image slices of the search space. In some embodiments,
cach set of the obtained information may include information identifying characteristics
related to the respective image slices. As an example, the information related to the
reference image slice may include annotations associated with the reference image slice,
characteristic vectors of objects represented in the reference image slice, or other
information (c.g., data representing the pixels of the reference image slice or other data).
As another example, the information related to the image slices of the search space may
include annotations associated with the image slices, characteristic vectors of objects
represented in the image slices, or other information (e.g., data representing the pixels of
the image slices or other data). Annotations associated with an image slice may include
annotations relevant to the image slice as a whole (e.g., a reference to an individual
represented by the image slice, an organ or area of the individual that the image slice
represents, an identification of the cross section represented by the image slice, etc.),
annotations relevant only to specific to one or more regions of the image slice (e.g., size,
shape, color, or other characteristics of tissue within the respective regions), or other
annotations.

In some embodiments, image slice component 110 may compare
annotations or characteristic vectors related to a reference image slice with annotations or
characteristic vectors related to image slices (or specific regions thereof) of a secarch space
(c.g., areduced search space derived via one or more techniques described herein). Based
on the comparison, image slice component 110 may determine whether one or more
indications of a finding (e.g., detected in the reference image slice) exist in the image slices
of the search space. In some embodiments, image slice component may compare the
pixels or other data of the reference image slice (e.g., in a region of interest that includes

the finding) with the pixels or other data of the image slices of the search space, and,
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based on the comparison, determine whether one or more indications of the finding exist
in the image slices of the search space.

In some embodiments, image slice component 110 may use one or more
disease-specific recognition models to perform disease recognition on one or more sets of
image slices to determine whether one or more of the image slices show evidence of
specific diseases. As an example, upon predicting a specific discase to which a finding in a
reference image slice is related, a recognition model specific to the predicted disecase may
be used to perform recognition on the image slices of a search space to determine whether
one or more indications of the finding exist in the image slices of the search space.

As an example, FIG. 3a shows an output of an image slice analysis
performed on a reference image slice (¢.g., an image slice in which tumor 303 was
detected), and FIG. 3b shows an output of an image slice analysis performed on an image
slice derived from a search of a reduced search space of image slices from other
examinations. In one use case, the reference image slice may be associated with an
examination at time t2, and the image slice derived from the search may be associated with
an examination at time t1 (e.g., where time t1 is at least a predetermined threshold amount
of time prior to time t2). The reference image slice in FIG. 3a shows normal tissues 301
and 302 and tumor 303. The image slice (in FIG. 3b) derived from the search shows no
evidence of tumor 303 detected in the reference image slice. For example, the image slice
in FIG. 3b shows normal tissues 311 and 312 that correspond to normal tissues 301 and
302, respectively, in the reference image slice, but the image slice in FIG. 3b does not
show evidence of the tumor 303.

As another example, FIG. 3¢ shows an output of an image slice analysis
performed on a reference image slice (e.g., an image slice in which tumor 333 was
detected), and FIGs. 3d and 3e show outputs of an image slice analysis performed on
image slices derived from a search of a reduced search space of image slices from other
examinations. In one use case, the reference image slice in FIG. 3¢ may be associated
with an examination at time t3, the image slice in FIG. 3d may be associated with an

examination at time t2, and the image slice in FIG. 3e may be associated with an
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examination at time t1 (e.g., where time t1 is at least a predetermined threshold amount of
time prior to time t2, time t2 is at least the predetermined threshold amount of time prior
to t3, etc.). The reference image slice in FIG. 3¢ shows normal tissues 331 and 332 and
tumor 333. The image slice in FIG. 3d shows normal tissues 341 and 342 (corresponding
to normal tissues 331 and 332) along with tumor indication 343 of the tumor 333 detected
in the reference image slice. If, for example, the time t2 examination occurred prior to the
time t3 examination, tumor indication 343 may be evidence of the development of the
tumor 333. Moreover, the image slice in FIG. 3¢ shows normal tissues 351 and 352
(corresponding to normal tissues 331 and 332), but no indication of the tumor 333. If, for
example, the time t1 examination occurred prior to the time t2 examination, it may be
determined that the development of the tumor 303 began sometime between time t1 and
time t2.

In some embodiments, presentation component 114 may to provide
information to one or more users and/or enable the users to interact with one or more user
interface features. As an example, presentation component 114 may provide a
representation of a finding in a given image slice (e.g., captured during a given
examination of an individual), enable the user to select the given image slice as a reference
image slice to be used for searching a database of image slices and/or processing of search
results therefrom, provide representations of one or more indications of the finding in one
or more other image slices of a secarch space, or provide other features. In some
embodiments, presentation component 114 may provide, via a user interface, a
representation of an indication of a finding (e.g., detected in a reference image slice)
responsive to a determination that one or more indications of the detected finding exist in
the image slices of a search space.

As an example, FIG. 4a shows a stacked ribbon presentation or cascade
arrangement of registered slices found by the autonomous search of other examinations
(e.g., prior examinations of the same individual). Each slice can be independently selected
and visually highlighted including the slices having the marked finding detected and the

slice having no finding just prior to the slice having the finding. As another example, FIG.
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4b shows that by clicking a window of a particular outcome slice from the stack of
outcome slices in FIG. 4b, the particularly chosen slice is enlarged and the other remaining
windows disappear or decrease in size. This view allows instant comparison of new
findings across a series of medical imaging studies.

In some embodiments, presentation component 114 may work with
annotation component 112 to enable one or more users to annotate one or more pixels,
voxels, or regions of one or more image slices. In some embodiments, annotation
component 112 may perform automatic annotation of image slices using Picture Archiving
Communication System (PACS) tools or similar tools to make basic annotations, such as
measurements, circles, arrows, or other annotations. In some embodiments, annotation
component 112 may perform automatic annotation of image slices using one or more
recognition models (e.g., anatomy recognition models, disease-specific recognition
models, etc.), or other models.

FIG. 5 illustrates a method for facilitating computer-assisted search of
image slices for indications of a finding, in accordance with one or more embodiments.
The operations of method 500 presented below are intended to be illustrative. In some
embodiments, method 500 may be accomplished with one or more additional operations
not described, and/or without one or more of the operations discussed. Additionally, the
order in which the operations of method 500 are illustrated in FIG. 5 and described below
is not intended to be limiting.

In some embodiments, one or more operations of method 500 may be
implemented in one or more processing devices (e.g., a digital processor, an analog
processor, a digital circuit designed to process information, an analog circuit designed to
process information, a state machine, and/or other mechanisms for electronically
processing information). The one or more processing devices may include one or more
devices executing some or all of the operations of method 500 in response to instructions
stored electronically on an electronic storage medium. The one or more processing

devices may include one or more devices configured through hardware, firmware, and/or
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software to be specifically designed for execution of one or more of the operations of
method 500.

At an operation 502, an image slice that includes a detected finding related
to an individual may be determined. As an example, the determined image slice may
represent a cross section of at least a portion of the individual (e.g., captured during an
examination of the individual or other event). Operation 502 may be performed by one or
more hardware processors 120 configured to execute a machine-readable instruction
component that is the same as or similar to one or more of detection component 106, in
accordance with one or more embodiments.

At an operation 504, a search space may be reduced to a subset of images.
As an example, the subset of images may include image slices representing cross sections
corresponding to the cross section represented by the determined image slice. The search
space reduction may, for example, include filtering a set of image slices based on the cross
section represented by the determined image slice. The set of image slices (that is filtered)
may include image slices that respectively represent a cross section of at least a portion of
the individual during one or more other examinations of the individual. Operation 504 may
be performed by one or more hardware processors 120 configured to execute a machine-
readable instruction component that is the same as or similar to one or more of search
reduction component 108, in accordance with one or more embodiments.

In some embodiments, with respect to operation 504, the other
examinations of the individual may include one or more prior examinations of the
individual (e.g., that occurred at least a predetermined threshold amount of time prior to
the examination of the individual during which the determined image slice was captured),
one or more subsequent examinations of the individual (e.g., examinations occurring at
least a predetermined threshold amount of time subsequent to the examination of the
individual during which the determined image slice was captured), or other examinations
of the individual. The foregoing operation(s) may be performed by one or more hardware

processors 120 configured to execute a machine-readable instruction component that is
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the same as or similar to one or more of search reduction component 108, in accordance
with one or more embodiments.

In some embodiments, with respect to operation 504, the other
examinations may be selected from a set of examinations of the individual based on (i) a
time of the examination (during which the determined image slice was captured), (ii) a
time criteria (e.g., a time at which a selected examination was performed must have been
at least a predetermined threshold amount of time from the given examination during
which the determined image slice was captured or other time criteria), or (iii) other
criteria. In some embodiments, the set of images (that is filtered to reduce the search
space) may be selected based on each of the images of the image subset. The foregoing
operation(s) may be performed by one or more hardware processors 120 configured to
execute a machine-readable instruction component that is the same as or similar to one or
more of search reduction component 108, in accordance with one or more embodiments.

In some embodiments, with respect to operation 504, the search space may
be reduced to the image slices subset by filtering the image slices subset by (i) selecting a
first image slice of the image slices subset based on the first image slice representing a
cross section corresponding to the cross section represented by the determined image slice
and (ii) selecting a second image slice of the image slices subset based on the second
image slice being within a threshold proximity of the first image slice. In some
embodiments, a region (including the detected finding) in the determined image slice may
be determined. The threshold proximity (e.g., used to reduce the search space) may be
based on information related to the region of the determined image size. The information
related to the region may include size information associated with the region of the
determined image slice, shape information associated with the region, location information
associated with the region, or other information. As an example, the size information may
include information identifying a size of the region of the determined image slice with
respect to a first dimension, information identifying a size of the region of the determined
image slice with respect to a second dimension different from the first dimension, or other

information. The foregoing operation(s) may be performed by one or more hardware
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processors 120 configured to execute a machine-readable instruction component that is
the same as or similar to one or more of search reduction component 108, in accordance
with one or more embodiments.

At an operation 506, first image slice information related to the determined
image slice may be obtained. Operation 506 may be performed by one or more hardware
processors 120 configured to execute a machine-readable instruction component that is
the same as or similar to one or more of image slice component 110, in accordance with
one or more embodiments.

At an operation 508, second image slice information related to one or more
image slices (of the image slices subset) may be obtained based on the reduced search
space. Operation 508 may be performed by one or more hardware processors 120
configured to execute a machine-readable instruction component that is the same as or
similar to one or more of image slice component 110, in accordance with one or more
embodiments.

At an operation 510, a determination of whether one or more indications of
the detected finding exist in the image slices of the image slices subset may be effectuated.
Operation 510 may be performed by one or more hardware processors 120 configured to
execute a machine-readable instruction component that is the same as or similar to one or
more of image slice component 110, in accordance with one or more embodiments.

In some embodiments, system 100 includes one or more databases
(c.g., examination database 116 or other databases), one or more computing platforms
104, one or more processors 120, electronic storage 122, external resources 118, and/or
other components.

Examination database(s) 116 are configured to clectronically store
healthcare records of individuals and/or other information. As previously mentioned, the
healthcare records may include a plurality of record attributes and corresponding values
for the attributes.

In some embodiments, the databases (¢.g., examination database 116) are

associated with one or more entities such as medical facilities (e.g., hospitals, doctor’s
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offices, etc.), healthcare management providers (¢.g., a veteran’s affairs medical system, a
ministry of health, etc.), health insurance providers, and/or other entities. Databases 116
include electronic storage media that electronically stores information. In some
embodiments, databases 116 are and/or are included in computers, servers, and/or other
data storage systems associated with the one or more entities. The electronic storage
media of databases 116 may include system storage that is provided integrally (i.e.,
substantially non-removable) with such systems. Databases 116 may include one or more
of optically readable storage media (e.g., optical disks, ctc.), magnetically readable storage
media (e.g., magnetic tape, magnetic hard drive, floppy drive, etc.), electrical charge-based
storage media (¢.g., EPROM, RAM, ctc.), solid-state storage media (e.g., flash drive,
etc.), and/or other electronically readable storage media. Databases 116 are configured to
communicate with computing platforms 104, processor 120, electronic storage 122,
external resources 118, and/or other components of system 100 such that the information
stored by databases 116 may be accessed (e.g., as described herein) by other components
of system 100 and/or other systems. It should be noted that use of the term “databases” is
not intended to be limiting. A database may be any electronic storage system that stores
healthcare records and allows system 100 to function as described herein.

Computing platforms 104 are configured to provide an interface between
users and system 100. In some embodiments, computing platforms 104 are associated with
databases 116, processor 120 and/or a server that includes processor 120, a healthcare
provider, individual users associated with the healthcare provider, service providers (e.g.,
consultants) to the healthcare provider, individual users of system 100, and/or other users
and/or entities. Computing platforms 104 are configured to provide information to and/or
receive information from such users and/or entities. Computing platforms 104 include a
user interface and/or other components. The user interface may be and/or include a
graphical user interface configured to present views and/or fields configured to receive
entry and/or selection of healthcare records and/or information associated with healthcare
records, present information related to matched healthcare records (e.g., matching

probabilities, F-scores, record attributes), and/or provide and/or receive other information.
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In some embodiments, the user interface includes a plurality of separate interfaces
associated with a plurality of computing platforms 104, processors 120, and/or other
components of system 100, for example.

In some embodiments, one or more computing platforms 104 are
configured to provide a user interface, processing capabilities, databases, and/or clectronic
storage to system 100. As such, computing platforms 104 may include processors 120,
electronic storage 122, external resources 118, and/or other components of system 100. In
some embodiments, computing platforms 104 are connected to a network (e.g., the
Internet). In some embodiments, computing platforms 104 do not include processor 120,
clectronic storage 122, external resources 118, and/or other components of system 100,
but instead communicate with these components via the network. The connection to the
network may be wireless or wired. For example, processor 120 may be located in a remote
server and may wirelessly receive healthcare records for matching from one or more
healthcare providers. In some embodiments, computing platforms 104 are laptops,
desktop computers, smartphones, tablet computers, and/or other computing devices.

Examples of interface devices suitable for inclusion in the user interface
include a touch screen, a keypad, touch sensitive and/or physical buttons, switches, a
keyboard, knobs, levers, a display, speakers, a microphone, an indicator light, an audible
alarm, a printer, and/or other interface devices. The present disclosure also contemplates
that computing platforms 104 include a removable storage interface. In this example,
information may be loaded into computing platforms 104 from removable storage (e.g., a
smart card, a flash drive, a removable disk) that enables users to customize the
embodiment of computing platforms 104. Other exemplary input devices and techniques
adapted for use with computing platforms 104 and/or the user interface include, but are
not limited to, an RS-232 port, RF link, an IR link, a modem (telephone, cable, etc.)
and/or other devices.

As shown in FIG. 1, processor 120 is configured via machine-readable
instructions to execute one or more computer program components. Processor 120 may

be configured to execute components 106, 108, 110, 112, and/or 114 by software;
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hardware; firmware; some combination of software, hardware, and/or firmware; and/or
other mechanisms for configuring processing capabilities on processor 120.

It should be appreciated that although components 106, 108, 110, 112, and
114 are illustrated in FIG. 1 as being co-located within a single processing unit, in
embodiments in which processor 120 includes multiple processing units, one or more of
components 106, 108, 110, 112, and/or 114 may be located remotely from the other
components. The description of the functionality provided by the different components
106, 108, 110, 112, and/or 114 described below is for illustrative purposes, and is not
intended to be limiting, as any of components 106, 108, 110, 112, and/or 114 may provide
more or less functionality than is described. For example, one or more of components 106,
108, 110, 112, and/or 114 may be climinated, and some or all of its functionality may be
provided by other components 106, 108, 110, 112, and/or 114. As another example,
processor 120 may be configured to execute one or more additional components that may
perform some or all of the functionality attributed below to one of components 106, 108,
110, 112, and/or 114,

In the claims, any reference signs placed between parentheses shall not be
construed as limiting the claim. The word “comprising” or “including” does not exclude
the presence of elements or steps other than those listed in a claim. In a system claim
enumerating several means, several of these means may be embodied by one and the same
item of hardware. The word “a” or “an” preceding an clement does not exclude the
presence of a plurality of such elements. In any system claim enumerating several means,
several of these means may be embodied by one and the same item of hardware. The mere
fact that certain elements are recited in mutually different dependent claims does not
indicate that these elements cannot be used in combination.

Although the invention has been described in detail for the purpose of
illustration based on what is currently considered to be the most practical and preferred
embodiments, it is to be understood that such detail is solely for that purpose and that the
invention is not limited to the disclosed embodiments, but, on the contrary, is intended to

cover modifications and equivalent arrangements that are within the spirit and scope of the
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appended claims. For example, it is to be understood that the present invention
contemplates that, to the extent possible, one or more features of any embodiment can be

combined with one or more features of any other embodiment.
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What is claimed is:

1. A system for facilitating computer-assisted search of image slices for
indications of a finding, the system comprising:

one or more hardware processors configured by machine-readable
instructions to:

determine an image slice that comprises a detected finding related to an
individual, the determined image slice representing a cross section of at least a portion of
the individual during an examination of the individual;

reduce a search space to a subset of image slices comprising image slices
that respectively represent a cross section corresponding to the cross section represented
by the determined image slice, wherein reducing the search space comprises filtering a set
of image slices based on the cross section represented by the determined image slice, the
image slices set comprising image slices that respectively represent a cross section of at
least a portion of the individual during one or more other examinations of the individual,

obtain first image slice information related to the determined image slice;

obtain, based on the search space reduction, second image slice information
related to one or more image slices of the image slices subset; and

determine, based on the first image slice information and the second image
slice information, whether one or more indications of the detected finding exist in the one

or more image slices of the image slices subset.
2. The system of claim 1, wherein the one or more other examinations of the
individual comprises one or more prior examinations of the individual that occurred at

least a predetermined threshold amount of time prior to the examination of the individual.

3. The system of claim 1, wherein the one or more hardware processors are

configured to provide, via a user interface, a representation of an indication of the
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detected finding responsive to a determination that one or more indications of the detected

finding exist in the one or more image slices of the image slices subset.

4. The system of claim 1, wherein the first image slice information comprises
information identifying characteristics related to the determined image slice, and the
information identifying the characteristics related to the determined image slice comprises
annotations associated with the determined image slice or characteristic vectors of objects
represented in the determined image slice, and wherein the second image slice information
comprises information identifying characteristics related to the one or more image slices of
the image slices subset, and the information identifying the characteristics related to the
one or more image slices comprises annotations associated with the one or more image

slices or characteristic vectors of objects represented in the one or more image slices.

5. The system of claim 1, wherein the one or more hardware processors are
configured to reduce the search space to the image slices subset by:

selecting the one or more other examinations from a set of examinations of
the individual based on (i) a time of the examination and (ii) a time criteria;

selecting the image slices set based on image slices of the image slices set
being associated with the selected one or more other examinations; and

filtering the selected image slices set based on the cross section represented
by the determined image slice by selecting at least one image slice of the image slices
subset based on the at least one image slice representing a cross section corresponding to
the cross section represented by the determined image slice such that the reduced search

space comprises the at least one image slice.

6. The system of claim 1, wherein reducing the search space to the image
slices subset comprises filtering the image slices subset by (i) selecting a first image slice of
the image slices subset based on the first image slice representing a cross section

corresponding to the cross section represented by the determined image slice and (ii)
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selecting a second image slice of the image slices subset based on the second image slice

being within a threshold proximity of the first image slice.

7. The system of claim 6, wherein the one or more hardware processors are
configured to:

determine, in the determined image slice, a region comprising the detected
finding, the region being a portion of the determined image slice;

determine size information associated with the region of the determined
image slice, the size information comprising information identifying a size of the region of
the determined image slice with respect to a first dimension or information identifying a
size of the region of the determined image slice with respect to a second dimension
different from the first dimension; and

determine the threshold proximity based on the size information.

8. The system of claim 1, wherein the one or more hardware processors are
configured to:

determine, in the determined image slice, a region comprising the detected
finding, the region being a portion of the determined image slice; and

further reduce the search space by reducing the search space to one or
more regions of the one or more image slices of the image slices subset based on the one
or more regions corresponding to the region of the determined image slice,

wherein obtaining the first image slice information and the second image

slice information is based on the further search space reduction.

9. A method of facilitating computer-assisted search of image slices for
indications of a finding, the method comprising:

determining an image slice that comprises a detected finding related to an
individual, the determined image slice representing a cross section of at least a portion of

the individual during an examination of the individual;
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reducing a search space to a subset of image slices comprising image slices
that respectively represent a cross section corresponding to the cross section represented
by the determined image slice, wherein reducing the search space comprises filtering a set
of image slices based on the cross section represented by the determined image slice, the
image slices set comprising image slices that respectively represent a cross section of at
least a portion of the individual during one or more other examinations of the individual;

obtaining first image slice information related to the determined image
slice;

obtaining, based on the search space reduction, second image slice
information related to one or more image slices of the image slices subset; and

determining, based on the first image slice information and the second
image slice information, whether one or more indications of the detected finding exist in

the one or more image slices of the image slices subset.

10. The method of claim 9, wherein the one or more other examinations of the
individual comprises one or more prior examinations of the individual that occurred at
least a predetermined threshold amount of time prior to the examination of the individual,
and

wherein the method further comprises providing, via a user interface, a
representation of an indication of the detected finding responsive to a determination that
one or more indications of the detected finding exist in the one or more image slices of the

image slices subset.

11. The system of claim 9, wherein the first image slice information comprises
information identifying characteristics related to the determined image slice, and the
information identifying the characteristics related to the determined image slice comprises
annotations associated with the determined image slice or characteristic vectors of objects
represented in the determined image slice, and wherein the second image slice information

comprises information identifying characteristics related to the one or more image slices of
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the image slices subset, and the information identifying the characteristics related to the
one or more image slices comprises annotations associated with the one or more image

slices or characteristic vectors of objects represented in the one or more image slices.

12. The method of claim 9, wherein reducing the search space to the image
slices subset comprises:

selecting the one or more other examinations from a set of examinations of
the individual based on (i) a time of the examination and (ii) a time criteria;

selecting the image slices set based on image slices of the image slices set
being associated with the selected one or more other examinations; and

filtering the selected image slices set based on the cross section represented
by the determined image slice by selecting at least one image slice of the image slices
subset based on the at least one image slice representing a cross section corresponding to
the cross section represented by the determined image slice such that the reduced search

space comprises the at least one image slice.

13. The method of claim 9, wherein reducing the search space to the image
slices subset comprises filtering the image slices subset by (i) selecting a first image slice of
the image slices subset based on the first image slice representing a cross section
corresponding to the cross section represented by the determined image slice and (ii)
selecting a second image slice of the image slices subset based on the second image slice

being within a threshold proximity of the first image slice.
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14. The method of claim 13, further comprising:

determining, in the determined image slice, a region comprising the
detected finding, the region being a portion of the determined image slice;

determining size information associated with the region of the determined
image slice, the size information comprising information identifying a size of the region of
the determined image slice with respect to a first dimension or information identifying a
size of the region of the determined image slice with respect to a second dimension
different from the first dimension; and

determining the threshold proximity based on the size information.

15. The method of claim 9, further comprising:

determining, in the determined image slice, a region comprising the
detected finding, the region being a portion of the determined image slice; and

further reducing the search space by reducing the search space to one or
more regions of the one or more image slices of the image slices subset based on the one
or more regions corresponding to the region of the determined image slice,

wherein obtaining the first image slice information and the second image

slice information is based on the further search space reduction.

16. A system for facilitating computer-assisted search of image slices for
indications of a finding, the system comprising:

means for determining an image slice that comprises a detected finding
related to an individual, the determined image slice representing a cross section of at least
a portion of the individual during an examination of the individual;

means for reducing a search space to a subset of image slices comprising
image slices that respectively represent a cross section corresponding to the cross section

represented by the determined image slice, wherein reducing the search space comprises
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filtering a set of image slices based on the cross section represented by the determined
image slice, the image slices set comprising image slices that respectively represent a cross
section of at least a portion of the individual during one or more other examinations of the
individual;

means for obtaining first image slice information related to the determined
image slice;

means for obtaining, based on the search space reduction, second image
slice information related to one or more image slices of the image slices subset; and

means for determining, based on the first image slice information and the
second image slice information, whether one or more indications of the detected finding

exist in the one or more image slices of the image slices subset.

17. The system of claim 16, wherein the one or more other examinations of the
individual comprises one or more prior examinations of the individual that occurred at
least a predetermined threshold amount of time prior to the examination of the individual,
and

wherein the system further comprises means for providing, via a user
interface, a representation of an indication of the detected finding responsive to a
determination that one or more indications of the detected finding exist in the one or more

image slices of the image slices subset.

18. The system of claim 16, wherein reducing the search space to the image
slices subset comprises:

selecting the one or more other examinations from a set of examinations of
the individual based on (i) a time of the examination and (ii) a time criteria;

selecting the image slices set based on image slices of the image slices set
being associated with the selected one or more other examinations; and

filtering the selected image slices based on the cross section represented by

the determined image slice by selecting at least one image slice of the image slices subset
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based on the at least one image slice representing a cross section corresponding to the
cross section represented by the determined image slice such that the reduced search space

comprises the at least one image slice.

19. The system of claim 16, further comprising:

means for determining, in the determined image slice, a region comprising
the detected finding, the region being a portion of the determined image slice;

means for determining size information associated with the region of the
determined image slice, the size information comprising information identifying a size of
the region of the determined image slice with respect to a first dimension or information
identifying a size of the region of the determined image slice with respect to a second
dimension different from the first dimension; and

means for determining the threshold proximity based on the size
information,

wherein reducing the search space to the image slices subset comprises
filtering the image slices subset by (i) selecting a first image slice of the image slices subset
based on the first image slice representing a cross section corresponding to the cross
section represented by the determined image slice and (ii) selecting a second image slice of
the image slices subset based on the second image slice being within a threshold proximity

of the first image slice.

20. The system of claim 16, further comprising:

means for determining, in the determined image slice, a region comprising
the detected finding, the region being a portion of the determined image slice; and

means for further reducing the search space by reducing the search space to
one or more regions of the one or more image slices of the image slices subset based on
the one or more regions corresponding to the region of the determined image slice,

wherein obtaining the first image slice information and the second image

slice information is based on the further search space reduction.
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