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(57) Abstract: A method for imaging configured to provide an accelerated clinical workflow includes acquiring anatomical image
data corresponding to an anatomical region of interest in a subject. The method further includes determining localization information
corresponding to the anatomical region of interest based on the anatomical image data using a learning based technique. The method
also includes selecting an atlas image from a plurality of atlas images corresponding to the anatomical region of interest based on the
localization information. The method further includes generating a parcellated segmented image based on the atlas image. The method
also includes recommending a medical activity based on the parcellated segmented image. The medical activity includes at least one of
guiding image acquisition, supervising a treatment plan, assisting therapeutic delivery to the subject, and generating a medical report.
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SYSTEM AND METHOD FOR AN ACCELERATED CLINICAL WORKFLOW

BACKGROUND

[0001] Embodiments of the present specification relate generally to clinical workflow, and
more particularly relate to systems and methods for an accelerated radiology workflow using

deep learning.

[0002] Medical imaging data is increasingly being used for diagnosis and treatment of
health conditions such as, but not limited to, cancer conditions and artery disecases. Imaging
techniques such as computed tomography (CT) and magnetic resonance imaging (MRI)
generate large volumes of medical images having valuable diagnostic information. Acquiring
medical image data associated with an anatomical region in a patient may require repeated
imaging. Further, these images need to be analyzed by medical professionals to derive any
useful diagnostic information. Also, the investigation of the images is a laborious and time-

consuming process.

[0003] Automatic segmentation and analysis of medical image volumes is a promising and
valuable tool for medical professionals in providing effective treatment plans for the patients.
Machine learning techniques are frequently used to recommend automatic segmentation and
analysis of medical image volumes. However, conventional machine learning techniques
require clinically relevant information to be extracted from the medical image data.
Conventionally, the clinically relevant information is manually generated by medical
professionals. The need for user intervention to generate training data sets invariably brings

in subjectivity and quality issues.

[0004] Recently, deep learning techniques are being increasingly used in processing the
image data in various medical applications. These deep learning techniques have been used
for machine learning tasks that are directed to extremely complex systems in terms of non-
linearity modelling and computational requirements. Image segmentation and parcellation of
the segmented images may be desirable to identify pathology or ‘at-risk’ arcas and derive

therapeutic decisions or guide surgical intervention. Moreover, in many cases, the
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quantification requires intensive computation effort and may need to be performed offline.

The burden of image analysis and determining a medical status is on the medical professionals.

BRIEF DESCRIPTION

[0005] In accordance with one aspect of the present specification, a method for imaging
configured to provide an accelerated clinical workflow is disclosed. The method includes
acquiring anatomical image data corresponding to an anatomical region of interest in a subject.
The method further includes determining localization information corresponding to the
anatomical region of interest based on the anatomical image data using a learning based
technique. The method also includes selecting an atlas image from a plurality of atlas images
corresponding to the anatomical region of interest based on the localization information. The
method further includes generating a parcellated segmented image based on the atlas image.
The method also includes recommending a medical activity based on the parcellated
segmented image. The medical activity includes at least one of guiding image acquisition,
supervising a treatment plan, assisting therapeutic delivery to the subject, and generating a

medical report.

[0006] In accordance with another aspect of the present specification, an imaging system
is disclosed. The imaging system includes an image data acquisition subsystem configured to
acquire anatomical image data corresponding to an anatomical region of interest in a subject.
The imaging system further includes a learning unit communicatively coupled to the image
data acquisition subsystem and configured to determine localization information
corresponding to the anatomical region of interest based on the anatomical image data using a
learning based technique. The imaging system also includes an atlas selection unit
communicatively coupled to the learning unit and configured to select an atlas image from a
plurality of atlas images corresponding to the anatomical region of interest based on the
localization information. The imaging system further includes a segmentation unit
communicatively coupled to the atlas selection unit and configured to segment the anatomical
image data based on the atlas image to generate a parcellated segmented image; and. The
imaging system also includes a therapy unit communicatively coupled to the segmentation unit

and configured to recommend a medical activity based on the parcellated segmented image.
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The medical activity includes at least one of guiding image acquisition, supervising a treatment

plan, assisting therapeutic delivery to the subject, and generating a medical report.

DRAWINGS

[0007] These and other features and aspects of embodiments of the present invention will
become better understood when the following detailed description is read with reference to the
accompanying drawings in which like characters represent like parts throughout the drawings,

wherein:

[0008] FIG. 1 is a diagrammatic illustration of an imaging system configured to provide

an accelerated clinical workflow, in accordance with aspects of the present specification;

[0009] FIG. 2 is a schematic illustrating a clinical workflow for a deep learning based
selection of an atlas image for segmenting an anatomical image using the imaging system of

FIG. 1, in accordance with aspects of the present specification;

[0010] FIGs. 3A-3D are mask images corresponding to an anatomical region of interest in

a subject, in accordance with aspects of the present specification;

[0011] FIGs. 4A-4D are images illustrating effectiveness of a deep learning based
selection of an atlas image for parcellation of anatomical images, in accordance with aspects

of the present specification; and

[0012] FIG. 5 is a flow chart of a method for imaging configured to provide an accelerated

clinical workflow, in accordance with aspects of the present specification.

DETAILED DESCRIPTION

[0013] As will be described in detail hereinafter, systems and methods for an accelerated
clinical workflow are presented. More particularly, systems and methods for an accelerated

radiology workflow using deep learning are presented.

[0014] As will be appreciated, ‘radiology’ is a science that employs X-ray imaging to

examine and record medical conditions within the body of a subject such as a patient. Some
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non-limiting examples of medical techniques used in radiology include X-ray radiography,
ultrasound, computed tomography (CT), positron emission tomography (PET), magnetic
resonance imaging (MRI), and the like. The term ‘anatomical image’ refers to a two-
dimensional image representative of an anatomical region in the patient such as, but not limited
to, heart, brain, kidney, prostate, and lungs. Moreover, the terms ‘segmented image,’
‘parcellated image,” and ‘sub-parcellated image’ are used herein to refer to an anatomical
image where parts and/or sub-regions of the anatomy have been delineated possibly with
boundary markings and/or color coding with the help of landmarks. The term ‘atlas’ or ‘atlas
image’ is used herein to refer to a reference segmented image corresponding to a specific
anatomy with known medical conditions. The atlas image referred herein generally includes
a plurality of labels representative of sub-regions of the region of interest in the anatomical
image data. Also, the terms ‘mask’ or ‘mask image’ are used to refer to an anatomical image
with boundary markings on a portion of the image to represent localization information and/or
orientation information. The localization information is representative of a position, size,
and/or boundary information with a fixed or a relative reference within the image. The
orientation information is representative of an inclination and/or a direction of a portion of the
image. The terms ‘medical status’ or ‘medical condition’ are used to refer to a discase
condition, progression of the disease, and other related attributes corresponding to the
anatomical region. The term ‘medical recommendation’ is used to refer to an advice or
recommendation regarding a treatment plan or therapy or additional examinations generated

based on the medical condition.

[0015] FIG. 1 is a diagrammatic illustration of an imaging system 100 for an accelerated
clinical workflow, in accordance with aspects of the present specification. The imaging system
100 includes an image data acquisition subsystem 102 configured to acquire anatomical image
data 106 corresponding to an anatomical region of interest (ROI) in a subject such as a patient
132. The image data acquisition subsystem 102 includes, but is not limited to, a magnetic
resonance imaging (MRI) system, a computed tomography (CT) imaging system, and a
positron emission tomography (PET) imaging system. The anatomical image data 106 may
include a plurality of anatomical images. In one example, the anatomical images may be

representative of an anatomical ROI such as the brain of a subject such as a patient 132. In
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another example, the anatomical images may be representative of the spinal region of the
patient 132. In yet another embodiment, the anatomical images may correspond to the prostate

region as anatomical region of interest in the patient 132.

[0016] The imaging system 100 further includes an image processing subsystem 104
communicatively coupled to the image data acquisition subsystem 102 and configured to
generate a parcellated segmented image 130 to be used in a variety of medical activities such
as, but not limited to, diagnosis of a medical condition, a therapy delivery, surgery planning,
and report generation. In a presently contemplated configuration, the image processing
subsystem 104 includes a learning unit 116, an atlas selection unit 118, a segmentation unit
120, a control unit 124, and a memory unit 126 communicatively coupled to each other through

a communications bus 128.

[0017] In one embodiment, the control unit 124 includes at least one of a general-purpose
computer, a GPU, a digital signal processor, and a controller. In other embodiments, the
control unit 124 includes a customized processor clement such as, but not limited to, an
application-specific integrated circuit (ASIC) and a field-programmable gate array (FPGA).
In some embodiments, the control unit 124 may perform one or more functions of at least one
of the learning unit 116, the atlas selection unit 118, the segmentation unit 120. The control
unit 124 may include more than one processor co-operatively working with each other for
performing intended functionalities. The control unit 124 is further configured to store
(retrieve) contents into (from) the memory unit 126. In one embodiment, the control unit 124
is configured to initiate and control the functionality of one or more of the learning unit 116,

the atlas selection unit 118, the segmentation unit 120.

[0018] In some embodiments, the control unit 124 may be communicatively coupled with
an input device such as a keyboard, a mouse, and any other input device. Further, the control
unit 124 is configured to receive commands and/or parameters from an operator via an input
device. It may be noted that the functionality of the control unit 124 may be
tailored/customized based on the function performed. By way of example, when the control
unit 124 is configured to aid the functioning of the learning unit 116, the control unit 124 is

programmed to supervise generation of a plurality of deep learning models corresponding to a
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plurality of medical conditions based on historical anatomical data. Similarly, when, the
control unit 124 is configured to aid the functioning of the atlas selection unit 118, the control
unit 124 is programmed to supervise generation of a plurality of similarity values
corresponding to a plurality of atlas images. In a similar manner, when the control unit 124 is
used to aid the segmentation unit 120, the control unit 124 is configured to supervise

registration of two images.

[0019] In one embodiment, the memory unit 126 is a random-access memory (RAM), read
only memory (ROM), flash memory, or any other type of computer readable memory
accessible by at least one of the learning unit 116, the atlas selection unit 118, the segmentation
unit 120. Also, in certain embodiments, the memory unit 126 may be a non-transitory
computer readable medium encoded with a program having a plurality of instructions to
instruct at least one of the learning unit 116, the atlas selection unit 118, the segmentation unit
120 to perform a sequence of steps to generate the parcellated segmented image 130.
Specifically, the program may instruct the learning unit 116 to generate localization
information, the atlas selection unit 118 to select an atlas image, and/or the segmentation unit
120 to perform image registration to generate the parcellated segmented image 130. The
memory unit 126 is configured to store the acquired anatomical image data 106. In one
embodiment, the memory unit 126 is configured to store a plurality of medical records
corresponding to a plurality of patients indexed by multiple labels. The memory unit 126 is
configured to store one or more medical databases having a plurality of medical records

annotated with multiple labels.

[0020] The imaging system 100 also includes a therapy unit 122 communicatively coupled
to the image processing subsystem 104 and configured to generate a medical recommendation
108 corresponding to one or more medical activities. The therapy unit 122 is configured to
receive the parcellated segmented image 130 from the image processing subsystem 104 and
process the received parcellated segmented image 130 to generate the medical
recommendation 108. In one embodiment, the medical recommendation 108 may include a
diagnosis 110 of a medical condition. In another embodiment, the medical recommendation
108 may suggest a therapy delivery 112 activity. In another embodiment, the medical

recommendation 108 may suggest a biopsy 114. The medical recommendation 108 may also
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include generation of reports based on the segmented image 130. The reports may be generated

by the therapy unit 122.

[0021] The image data acquisition subsystem 102 is configured to acquire the anatomical
image data 106 corresponding to an anatomical ROI in the patient 132. The anatomical image
data 106 may also include a scout dataset. The scout dataset refers to a low resolution
anatomical image dataset that can be acquired relatively quickly with minimal radiation
exposure to the patient 132. The anatomical image data 106 may include a plurality of
anatomical images in the form of two-dimensional (2D) image data, three-dimensional (3D)
image data, or four-dimensional (4D) image data. The 2D image data includes a plurality of
2D images, where each image has a plurality of pixels arranged in a plane. Also, the 3D image
data includes a plurality of 3D images, where each 3D image has a plurality of voxels arranged
in a volume. In one embodiment, the 3D data may be a collection of 2D images. The 4D data
may include a plurality of 3D images or a plurality of 2D images. In general, each pixel (or
voxel) is represented as a vector value, which in turn represents image properties such as, but
not limited to, grey values, color values, and opacity values. The image data acquisition
subsystem 102 may be further configured to store the acquired anatomical image data 106 in
the memory unit 126. In one embodiment, the acquired anatomical image data 106 may be

provided in real-time to the image processing subsystem 104.

[0022] The image processing subsystem 104 is configured to process the anatomical image
data 106 to determine localization information corresponding to the anatomical ROI. The
image processing subsystem 104 is also configured to generate orientation information
corresponding the anatomical ROI. In one embodiment, the localization information may be
generated using machine learning techniques or image segmentation techniques. Further, the
image processing subsystem 104 is configured to select an atlas image based on the
localization information. The selected atlas image is registered with the anatomical image data

106 to generate a parcellated segmented image 130.

[0023] The learning unit 116 is configured to receive the anatomical image data 106 from
the image data acquisition subsystem 102. As previously noted, the anatomical image data

106 includes the scout dataset and the plurality of anatomical images corresponding to the
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anatomical region of interest (ROI) of the patient 132. The learning unit 116 is configured to
process an anatomical image from the plurality of anatomical images in the anatomical image
data 106 to determine localization information corresponding to the anatomical region of
interest being imaged. As previously noted, the localization information is representative of a
position, size, and/or boundary information with a fixed or a relative reference within the
image. In one embodiment, the learning unit 116 is configured to process the scout dataset to
determine the localization information. In certain scenarios, the localization information may
also include orientation information corresponding to the anatomical region of interest. As
previously noted, the orientation information is representative of an inclination and/or

direction of a portion of the image.

[0024] The localization information may be generated using an image segmentation
technique or a machine learning technique. Specifically, the learning unit 116 is configured
to generate the localization information by processing the anatomical image using a deep
learning model. In this embodiment, the deep learning model may generate a boundary image
based on the anatomical image. In this example, the deep learning model may be trained
offline to generate the boundary image. Further, the learning unit 116 is configured to select
a mask image based on a comparison of the boundary image with a plurality of mask images

stored in the memory unit 126.

[0025] In one embodiment, the learning unit 116 configured to process the anatomical
image using a deep learning model and generate a multi-label index value by classifying the
anatomical image in multiple ways. For example, the anatomical image may have three labels
corresponding to gender, age, and disease type. A corresponding index value may be a vector
having three elements with the first element representing gender, the second element
representing age, and the third element representing disease type. In this embodiment, the
deep learning model may be trained off-line to perform classification of the anatomical image

based on a plurality of training images.

[0026] The learning unit 116 is further configured to select a mask image from the memory
unit 126, where the mask image is representative of the localization information based on the

multi-label index value. In this embodiment, the deep learning model is a multi-label classifier
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that has been designed a priori using historical anatomical image data for a specific anatomical
region of interest. By way of example, the deep learning model may be trained to generate a
multi-label index value representative of a prostate mask image. In another example, the deep
learning model may be trained to generate a multi-label index value representative of a brain
mask image. In yet another example, the deep learning model may be trained to generate a
multi-label index value representative of spinal mask image. In other embodiments, the
learning unit 116 may be configured to employ a deep learning model designed to select a

mask image from a plurality of stored mask images.

[0027] The learning unit 116 is further configured to train a deep learning model in an off-
line mode based on the historical anatomical image data. In general, the learning unit 116 is
configured to generate a plurality of deep learning models corresponding to a plurality of
medical conditions based on a historical medical database. The plurality of deep learning
models corresponds to a plurality of medical imaging techniques, a plurality of organs of
interest, and a plurality of medical conditions. In one embodiment, the plurality of deep
learning models is stored in the memory unit 126 and retrieved by the control unit 124 for

evaluating the anatomical image data 106.

[0028] The deep learning models include, but are not limited to, neural network models,
convolutional neural network (CNN) models, and recursive neural network models. The CNN
may include a plurality of convolution stages and each convolution stage may include a
convolution layer, an activation layer, and a pooling layer that are operatively coupled in a
cascading manner. Each of the convolution layer, the activation layer, and the pooling layer
in turn includes a corresponding plurality of layer parameters. The number of convolution
stages and the number of layer parameters may be selected to enable configuration of the CNN

to process the anatomical image data 106.

[0029] The historical medical database is an annotated medical database having multiple
labels corresponding to each medical record. The multiple labels are also used to index
medical images including atlas images. The atlas images correspond to specific organs of
interest, anatomical regions of interest, medical status of the organ of interest, medical

recommendation corresponding to the medical status, or combinations thereof. The multiple
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labels may be representative of age and gender of a subject, a disease type, region of dwelling
of the subject, progression of disease, type of organ of interest, and image acquisition type. It
may be noted that the multiple label list is not exhaustive and may include other such factors

as well.

[0030] The atlas selection unit 118 is communicatively coupled to the learning unit 116
and configured to select an atlas image from a plurality of atlas images based on the mask
image. In one embodiment, each of the plurality of atlas images includes an atlas mask image
and a corresponding atlas anatomical image. The atlas anatomical image is a previously
segmented anatomical image having a plurality of labels representative of a plurality of sub
regions in the image. In one embodiment, the atlas selection unit 118 is configured to compare
the mask image selected by the learning unit 116 with a plurality of atlas mask images using a
shape based metric to generate a plurality of similarity values. In one embodiment, a Dice
similarity coefficient (DSC) is used as the shape based metric for comparing the mask image
with each of the plurality of atlas mask images. Specifically, the mask image is registered with
each of the plurality of atlas mask images. Subsequently, a DSC value between the mask
image and each of the registered atlas mask images is computed to generate the plurality of
similarity values. An atlas image corresponding to the maximum similarity value among the
plurality of similarity values is selected as a matching atlas image. In other embodiments,
other metrics such as, but not limited to, a cross correlation value or a mutual information value

may be used to generate the plurality of similarity values.

[0031] The segmentation unit 120 is communicatively coupled to the atlas selection unit
118 and configured to segment an image in the anatomical image data 106 based on the atlas
image to generate a parcellated segmented image corresponding to the anatomical region of
interest. In one embodiment, the segmentation unit 120 is configured to register the atlas
anatomical image with the image selected from the acquired anatomical image data 106. In
another embodiment, the segmentation unit 120 is configured to jointly register the atlas mask
image and the atlas anatomical image corresponding to the selected atlas image with the
selected image. Further, the segmentation unit 120 is configured to transfer one or more labels

from the atlas anatomical image to the selected image to generate the parcellated segmented

10
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image 130. In one embodiment, the transferring of a label from the atlas anatomical image to

the selected image includes superimposing the label on to the selected image.

[0032] The therapy unit 122 is configured to recommend a medical activity based on the
parcellated segmented image 130. The medical activity includes at least one of guiding image
acquisition, supervising a treatment plan, assisting therapeutic delivery to the patient 132, and
generating a medical report. Further, the therapy unit 122 is configured to determine a medical
status of the anatomical region of interest based on a comparison of the parcellated segmented
image 130 with a plurality of stored images having known medical status. The therapy unit
122 is also configured to identify the medical recommendation based on the medical status. In
one embodiment, the therapy unit 122 is also configured to recommend at least one of a biopsy,
a radiation therapy, and a stem therapy based on the localization information corresponding to
the anatomical region of interest. In one embodiment, the recommendation may be generated
based on matching the localization information with historical images and retrieving
information regarding successful medical treatments in medical cases that correspond to the
matched historical images. In one embodiment, the therapy unit 122 is configured to present
the medical status in the form of a cardiac imaging bull’s eye plot, a prostate imaging reporting
and data system (PiRADS), a liver imaging reporting and data system (LiRADS), and the like.
It may be noted that use of deep learning techniques to select image masks and use of atlas
based image segmentation as described hereinabove aid in reducing manual intervention and

accelerating the clinical workflow in radiological procedures.

[0033] Additionally, one or more of the cardiac imaging bull’s eye plot, the PIRADS, and
the LiIRADS may be visualized on a display unit 134 to aid in assessing medical status of the

heart, the prostate, and the liver.

[0034] FIG. 2 is a schematic illustrating a clinical workflow 200, in accordance with
aspects of the present specification. In particular, the clinical workflow 200 is representative
of a deep learning based selection of an atlas image for segmenting an anatomical image using
the imaging system of FIG. 1. The method 200 may be described with reference to the

components of FIG. 1.

11
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[0035] The clinical workflow 200 includes obtaining an acquired anatomical image 204,
as indicated by step 202. The anatomical image 204 is selected from anatomical image data
106 of FIG. 1. Further, at step 206, the acquired anatomical image 204 is processed by the
learning unit 116 using a deep learning model 208 to generate a mask image 210. The mask
image 210 is representative of localization information of an anatomical region of interest in
the anatomical image 204. In the example of FIG. 2, the mask image 210 is representative of

a prostate region 216 in the anatomical image 204.

[0036] Moreover, at step 212, an atlas image 218 is selected from a plurality of atlas
images 214 based on the mask image 210. Subsequently, the selected atlas image 218 is
registered with the anatomical image 204, as indicated by step 220, to generate a parcellated
segmented image 222. The parcellated segmented image 222 includes a label 224. As
previously noted, the label 224 may be representative of an internal zone or a peripheral zone
of the prostate region. Use of the deep learning model 208 to generate the mask image 210 by
processing the anatomical image 204 aids in reducing the time taken to generate the mask

image 210, thereby resulting in an accelerated clinical workflow 200.

[0037] FIGs. 3A-3D are mask images corresponding to an anatomical region of interest in
a subject such as the patient 132 of FIG. 1, in accordance with aspects of the present
specification. In particular, FIG. 3A illustrates a ground truth mask image 302 of the prostate
region 310 in the patient 132. FIG. 3B is a mask image 304 obtained by processing an
anatomical image via use of a conventional deep learning model trained to determine the
prostate region. The localization information corresponding to the prostate region in the image

304 is represented by numeral 312. In this embodiment, no atlas image is used.

[0038] Also, FIG. 3C illustrates a mask image 306 obtained from a conventional atlas
image corresponding to the prostate region. In this embodiment, only the atlas image is used
for determining the localization information. Further, in the image 306, the localization
information corresponding to the prostate region is represented by reference numeral 314.
FIG. 3D is a mask image 308 obtained using the system 100, where an atlas image is selected

by a deep learning model and the selected atlas image is registered via a non-rigid registration

12
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with the anatomical image. In the example of FIG. 3D, localization information 316

corresponds to the prostate region.

[0039] Furthermore, Dice similarity coefficient (DSC) values are computed by comparing
the ground truth image 302 of FIG. 3A with the mask images 304, 306, and 308 of FIG. 3B,
FIG. 3C, and FIG. 3D. One example of the DSC is defined using equation (1).

2TP

DSC=rp TP v FN

ey

where TP is a true positive value, FP is a false positive value, and FN is a false

negative value in a given segmented image with reference to the ground truth image 302.

[0040] The DSC values for each image 304, 306, and 308 are computed based on equation
(1). In one example, the DSC value corresponding to the image 304 of FIG. 3B is 0.82, while
the DSC value corresponding to the image 306 of FIG. 3C is 0.79. Similarly, the DSC value
corresponding to the image 308 of FIG. 3D is 0.84. It may be observed that the mask image
308 of FIG. 3D obtained via use of the non-rigid registration technique provides a better DSC
value compared to the DSC values corresponding to the segmented images 304, 306 obtained
via use of the deep learning based segmentation technique and the atlas based segmentation

technique.

[0041] FIGs. 4A-4D are images illustrating effectiveness of a deep learning based
selection of an atlas image for parcellation of anatomical images, in accordance with aspects
of the present specification. FIG. 4A illustrates a first segmented image 402 corresponding to
a first patient. In FIG. 4A, the first segmented image 402 includes a first peripheral zone 404
and a first interior zone 406 of the prostate region. Similarly, FIG. 4B illustrates a second
segmented image 408 corresponding to a second patient. The second segmented image 408
includes a second peripheral zone 410 and a second interior zone 412 of the prostate region.
Further, FIG. 4C illustrates a third segmented image 414 corresponding to a third patient. The
third segmented image 414 includes a third peripheral zone 416 and a third interior zone 418

of the prostate region. Moreover, FIG. 4D illustrates a fourth segmented image 420

13
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corresponding to a fourth patient. The fourth segmented image 420 includes a fourth

peripheral zone 422 and a fourth interior zone 424 of the prostate region.

[0042] FIGs. 4A-4D illustrate variations in size and shape of the interior zones 406, 412,
418, 424 in the parcellated anatomical images 402, 408, 424, 420 corresponding to different
patients. It may be noted that the system 100 which entails a deep learning based selection of
an atlas image is configured to efficiently identify or parcellate the correct size and shape of a
region of interest from images corresponding to the different patients. More particularly, use
of the system 100 is configured to be agnostic to the variations in the size and/or shape of
regions of interest in images corresponding to different patients, thereby facilitating the
efficient parcellation of the regions of interest from images corresponding to the different

patients.

[0043] FIG. 5 is a flow chart of a method 500 for an accelerated clinical workflow, in
accordance with aspects of the present specification. The method 500 is described with
reference to the components of FIG. 1. The method 500 includes acquiring anatomical image
data 106 corresponding to an anatomical region of interest in the subject 132, as indicated by
step 502. The anatomical image data 106 includes a plurality of anatomical images. Also, the
anatomical image data 106 may be acquired via use of the image data acquisition subsystem
102. In one embodiment, acquiring the anatomical image data also includes receiving, from
the image data acquisition subsystem 102, a scout dataset corresponding to the subject 132,

where the scout dataset corresponds to low resolution anatomical image data.

[0044] Further, the method 500 includes determining localization information
corresponding to the anatomical region of interest based on the anatomical image data 106
using a deep learning based technique, as depicted by step 504. In one embodiment,
determining the localization information includes processing the scout dataset to generate
boundary information and orientation information corresponding to the anatomical region of
interest using a deep learning model. Specifically, the deep learning model generates a
boundary image based on an image in the scout dataset. In this embodiment, the deep learning
model is trained in an offline mode to determine a boundary image based on historical

anatomical image data. The boundary image includes localization information and orientation
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information. A mask image in a plurality of mask images is selected by comparing the

boundary image with the plurality of mask images.

[0045] In another embodiment, determining the localization information includes
processing an anatomical image from the anatomical image data 106 using a deep learning
model to generate a multi-label index value. Additionally, a mask image is selected based on
the multi-label index value. In this embodiment, a deep learning model may be trained to
determine a multi-label index value based on the historical anatomical image data.
Specifically, the deep learning model is trained using datasets corresponding to desired
localization information extracted from the historical anatomical image data. In one
embodiment, the localization information is a mask image. Moreover, in a one embodiment,
the deep learning model is selected from plurality of deep learning models corresponding to a
plurality of medical conditions. The plurality of deep learning models may be generated off-
line using the historical anatomical image data. Furthermore, the plurality of deep learning
models corresponding to the plurality of medical conditions is generated based on a historical
medical database. The historical medical database is annotated with labels representative of

age, gender, region, progression of medical condition, type of disease among other things.

[0046] Additionally, at step 506, an atlas image is selected from a plurality of atlas images
corresponding to the anatomical region of interest based on the localization information. As
noted previously, the localization information is represented by the mask image based on the
multi-label index value. In one embodiment, selecting the atlas image includes comparing the
mask image with a plurality of atlas image masks using a shape based metric to generate a
plurality of similarity values. Further, a matching atlas image is selected among the plurality
of atlas images based on the plurality of similarity values. The matching atlas image includes
a plurality of labels representative of a sub-region of the region of interest in the anatomical

image data 106.

[0047] Moreover, at step 508, a parcellated segmented image is generated based on the
atlas image using an image registration technique. In one embodiment, the selected atlas image
is registered with an anatomical image from the anatomical image data 106 to generate a

registered anatomical image. Further, one or more labels from the plurality of labels
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corresponding to the selected atlas image is transferred to the registered anatomical image to

generate the parcellated segmented image.

[0048] The method 500 also includes recommending a medical activity based on the
parcellated segmented image, as indicated by step 510. The medical activity includes at least
one of guiding image acquisition, supervising a treatment plan, assisting therapeutic delivery
to the subject, and generating a medical report. In one embodiment, a medical status of the
anatomical region of interest is determined based on the parcellated segmented image. Further,
a medical recommendation is generated based on the medical status. The medical activity may
include at least one of a biopsy, a radiation therapy, and a stem therapy based on the region of
interest information. In one embodiment, the medical activity may include presenting the
medical status in a medical report. Specifically, the medical report may include at least one of
a cardiac imaging bull’s eye plot or prostate imaging, reporting and data system (PiRADS) and
liver imaging reporting and data system (Li-RADS). In one embodiment, the parcellated
segmented image may be displayed on the display unit 134 with recommendations in the form
of at least one of a text, a symbol, or a color code. Further, one or more parcellated regions

may be highlighted or colored in the display to draw the attention of a clinician.

[0049] The systems and methods presented hereinabove provide improved radiology
clinical workflows using deep learning techniques. Image processing time is reduced
consequent to the ability of the deep learning technique to select an atlas mask image based on
the anatomical image being analyzed. Acquisition accuracy is enhanced by combining the
deep learning model based image segmentation with atlas based parcellation. Use of the
systems and methods enables reduction of time taken for reporting and/or guiding surgical or
radiation treatments. Additionally, use of the deep learning model based image segmentation
with atlas based parcellation aids in automating the clinical workflow, where any results are
presented on the display unit in real-time by integrating the deep learning based mask selection

with atlas based image segmentation.

[0050] Moreover, use of the present systems and methods enable clinical decision making
by localizing or segmenting one or more anatomical regions and parcellating the anatomical

structures. Image acquisition may be accelerated and/or scanning parameters may be
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optimized with the help of localization information corresponding to the anatomical region of
interest obtained via use of deep learning models. An accurately segmented anatomical image
aids in planning and guiding tissue biopsy or radiation treatment. Further, statistical measures
generated based on the segmented anatomical structures are useful in generating clinical
conclusions such as prostate cancer staging. Automated parcellation of anatomical structures
helps in presenting the acquired images rapidly on the display unit. The segmentation of
anatomical images is robust to artifacts and accurate in the presence of pathologies. The
segmentation technique entails use of a subset training dataset and is able to include newer

sub-regions without increasing the computation complexity.

[0051] It is to be understood that not necessarily all such objects or advantages described
above may be achieved in accordance with any particular embodiment. Thus, for example,
those skilled in the art will recognize that the systems and techniques described herein may be
embodied or carried out in a manner that achieves or improves one advantage or group of
advantages as taught herein without necessarily achieving other objects or advantages as may

be taught or suggested herein.

[0052] While the technology has been described in detail in connection with only a limited
number of embodiments, it should be readily understood that the specification is not limited to
such disclosed embodiments. Rather, the technology can be modified to incorporate any
number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the claims. Additionally,
while various embodiments of the technology have been described, it is to be understood that
aspects of the specification may include only some of the described embodiments.
Accordingly, the specification is not to be seen as limited by the foregoing description, but is

only limited by the scope of the appended claims.
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WE CLAIM:

1. A method, comprising:

acquiring anatomical image data corresponding to an anatomical region of interest in

a subject;

determining localization information corresponding to the anatomical region of

interest based on the anatomical image data using a learning based technique;

selecting an atlas image from a plurality of atlas images corresponding to the

anatomical region of interest based on the localization information;

generating a parcellated segmented image based on the atlas image; and

recommending a medical activity based on the parcellated segmented image, wherein
the medical activity comprises at least one of guiding image acquisition, supervising a

treatment plan, assisting therapeutic delivery to the subject, and generating a medical report.

2. The method of claim 1, wherein acquiring the anatomical image data further
comprises receiving, from an image data acquisition subsystem, a scout dataset corresponding
to the subject, and wherein the scout dataset corresponds to low resolution anatomical image

data.

3. The method of claim 2, wherein determining the localization information

comprises:

processing the scout dataset to generate a boundary image corresponding to the

anatomical region of interest; and

selecting a mask image from a plurality of mask images based on a comparison of the

boundary image with each of the plurality of mask images.

4. The method of claim 1, wherein determining the localization information

comprises:
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processing an anatomical image from a plurality of anatomical images in the

anatomical image data using a deep learning model to generate a multi-label index value; and

selecting a mask image based on the multi-label index value.

5. The method of claim 4, wherein selecting the atlas image comprises:

comparing the mask image with a plurality of atlas images using a shape based metric

to generate a plurality of similarity values; and

selecting a matching atlas image from the plurality of atlas images based on the

plurality of similarity values, wherein the matching atlas image comprises a plurality of labels.

6. The method of claim 5, wherein generating the parcellated segmented image

comprises:

registering the selected matching atlas image with the anatomical image to generate a

registered anatomical image; and

transferring one or more labels of the plurality of labels from the selected matching

atlas image to the registered anatomical image to generate the parcellated segmented image.

7. The method of claim 1, wherein recommending the medical activity

comprises:

determining a medical status of the anatomical region of interest based on the

parcellated segmented image; and

generating a medical recommendation based on the medical status.

8. The method of claim 7, wherein the medical activity comprises at least one of

a biopsy, a radiation therapy, and a stem therapy.
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9. The method of claim 1, wherein generating the localization information
further comprises generating a plurality of deep learning models corresponding to a plurality

of medical conditions based on a historical anatomical data.

10. The method of claim 1, further comprising generating a plurality of deep
learning models corresponding to a plurality of medical conditions based on historical

anatomical data.

11. An imaging system, comprising:

an image data acquisition subsystem configured to acquire anatomical image data

corresponding to an anatomical region of interest in a subject;

a learning unit communicatively coupled to the image data acquisition subsystem and
configured to determine localization information corresponding to the anatomical region of

interest based on the anatomical image data using a learning based technique;

an atlas selection unit communicatively coupled to the learning unit and configured to
select an atlas image from a plurality of atlas images corresponding to the anatomical region

of interest based on the localization information;

a segmentation unit communicatively coupled to the atlas selection unit and
configured to segment the anatomical image data based on the atlas image to generate a

parcellated segmented image; and

a therapy unit communicatively coupled to the segmentation unit and configured to
recommend a medical activity based on the parcellated segmented image, wherein the medical
activity comprises at least one of guiding image acquisition, supervising a treatment plan,

assisting therapeutic delivery to the subject, and generating a medical report.

12. The imaging system of claim 11, wherein the image data acquisition

subsystem is further configured to:
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receive a scout dataset corresponding to the subject, wherein the scout dataset

corresponds to low resolution anatomical image data;

process the scout dataset to generate a boundary image corresponding to the

anatomical region of interest; and

select a mask image from a plurality of mask images based on a comparison of the

boundary image with each of the plurality of mask images.

13. The imaging system of claim 11, wherein learning unit is configured to:

process an anatomical image from a plurality of anatomical images in the anatomical

image data using a deep learning model to generate a multi-label index value; and

select a mask image based on the multi-label index value.

14. The imaging system of claim 13, wherein the atlas selection unit is configured

to:

compare the mask image with a plurality of atlas images using a shape based metric

to generate a plurality of similarity values; and

select a matching atlas image from the plurality of atlas images based on the plurality

of similarity values, wherein the matching atlas image comprises a plurality of labels.

15. The imaging system of claim 14, wherein the segmentation unit is configured

to:

register the selected matching atlas image with the anatomical image to generate a

registered anatomical image; and

transfer one or more labels of the plurality of labels from the selected matching atlas

image to the registered anatomical image to generate a parcellated segmented image.
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16. The imaging system of claim 14, wherein the shape based metric is a Dice

similarity coefficient.

17. The imaging system of claim 11, wherein the therapy unit is configured to:

determine a medical status of the anatomical region of interest based on the parcellated

segmented image; and

generate a medical recommendation based on the medical status.

18. The imaging system of claim 17, wherein the therapy unit is configured to
recommend at least one of a biopsy, a radiation therapy and a stem therapy based on the

parcellated segmented image.

19. The imaging system of claim 11, wherein the learning unit is further
configured to generate a plurality of deep learning models corresponding to a plurality of

medical conditions based on historical anatomical data.
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