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Method and System for Intelligent Linking of Medical Data

Background

[0001] Physicians such as radiologists and oncologists are
dealing with increasing amounts of information to diagnose in
order to treat patients optimally. For instance, patients with
cancer frequently undergo imaging exams, and over time, will
have dozens of studies in their medical record. Each time
physicians read a new exam, they need to compare the current
exam with prior ones in order to determine the progress of
previously identified lesions and/or to discover any new
lesions. This task requires the physicians to read, compare,
interpret and correlate findings in both images and reports.
These activities are both time-consuming from a workflow

perspective and challenging from a clinical perspective.

[0002] Within the field of breast cancer treatment,
mammography is the process of using low-dose amplitude X-rays
(i.e., around 0.7 mSv) to examine the human breast in
coordination with diagnostic and screening tools. The goal of
mammography is the early detection of breast cancer, typically
through detection of characteristic masses, lesions, and/or
microcalcifications. Mammography is believed to reduce
mortality from breast cancer. No other imaging technique has
been shown to reduce risk, but remaining aware of breast changes
and physician examination are considered essential parts of
regular breast care. Accordingly, accurately and consistently
annotating lesions is very important for clinical decision

support.
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Summary Of The Invention

[0003] Described herein is a system comprising an extraction
module extracting contextual information from an image of an
area of interest including annotations, a feature selection
module building a current feature vector using the extracted
contextual information and the annotations, and a referencing
engine computing a similarity score between the current feature

vector and a prior feature vector of a prior image.

[0004] Further described herein is a method comprising
extracting, by an extraction module, contextual information from
an image of an area of interest including annotations, building,
a feature selection module, a current feature vector using the
extracted contextual information and the annotations, and
computing, by a referencing engine, a similarity score between
the current feature vector and a prior feature vector of a prior

image.

[0005] Further described herein is a non-transitory computer
readable storage medium including a set of instructions that are
executable by a processor, the set of instructions being
operable at least to extract contextual information from an
image of an area of interest including annotations, build a
current feature vector using the extracted contextual
information and the annotations, and compute a similarity score
between the current feature vector and a prior feature vector of

a prior image

Brief Description Of The Drawings
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[0006] FIG. 1 shows an exemplary screen view of a user-
delineated medical image using an annotation tool according to

an exemplary embodiment.

[0007] FIG. 2 shows a data-linking tool for intelligently
linking medical data received across different modalities

according to an exemplary embodiment.

[0008] FIG. 3 shows an exemplary screen view of matching
annotations received across different modalities according to an

exemplary embodiment.
[0009] FIG. 4 shows an exemplary method for intelligently
linking medical data received across different modalities

according to an exemplary embodiment.

Detailed Description

[0010] The exemplary embodiments may be further understood
with reference to the following description of exemplary
embodiments and the related appended drawings, wherein like
elements are provided with the same reference numerals. The
exemplary embodiments are related to systems and methods for
intelligently combining medical findings received across
different modalities, such as ultrasonic (“US”) data, magnetic
resonance imaging (“™MRI”) data, and mammography (“MG”) data.
As will be described in greater detail below, the exemplary
embodiments will allow for physicians (e.g., radiologists,
oncologists, etc.) to efficiently compare all current medical
images and records of a patient across any modality to any prior
medical images and records of that patient. Thus, physicians

may be provided with all information available regarding
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multiple findings from one or more lesions from a patient and

easily assess the progression of these lesions.

[0011] Solutions have been proposed to help physicians
perform such comparison tasks. For instance, the Breast
Imaging-Reporting and Data System, or BI-RADS, is a quality
assurance tool designed to document breast cancer studies in a
structured manner using standardized vocabulary. Specifically,
this system allows for radiologists to annotate lesions on
images and store the annotations in databases. BI-RADS is a
collaborative effort of many health groups, and is published and
trademarked by the American College of Radiclogy (“ARC”) in the
form of the BI-RADS Atlas. The Atlas is divided into 3
publications, specifically mammography data, ultrasound data,
and MRI data. Imaging results are often expressed in terms of
the BI-RADS Assessment Category, often called a "BI-RADS score."
The categories include: 0 = incomplete, 1 = normal, 2 = benign,
3 = indeterminate, 4 = suspicious of malignancy, 5 = highly
suggestive of malignancy, and 6 = known biopsy, proven

malignancy.

[0012] The annotations made on current studies may need to be
linked to annotations made in prior studies in order for the
physician to easily verify annotation consistency and evaluate
any interval developments. As noted above, the current
challenge for physicians lies in linking current and prior
studies across different modalities. For instance, a patient
having breast cancer may have ultrasonic studies, MRI studies,
and mammography studies, and it is difficult to link the medical
findings across these modalities. Within the exemplary systems
and methods of the present disclosure, linking and combining

these findings would require the time-consuming and error-prone
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task of explicitly interpreting and selecting matching findings
by the physician. Thus, an exemplary data-linking tool and
corresponding method may allow these physicians to easily link

these medical findings with limited interference.

[0013] Throughout this disclosure, the exemplary embodiments
will be directed to the intelligent linking of medical data
related to breast cancer and areas of interest, such as lesions.
However, 1t should be noted that the exemplary systems and
methods described herein are not limited to breast cancer data,
and may be applied to any type of standardized data collection.
For instance, the present disclosure may be applied towards
collecting, comparing, and reporting data related to various
forms of cancer, various types of medical data, various forms of

imaging and recording data, etc.

[0014] Fig. 1 shows an exemplary screen view 100 of a user-
delineated medical image using an annotation tool according to
an exemplary embodiment. For instance, the screen view 100 may
be a view of a BI-RADS image designed for documenting breast
cancer studies in a structured manner using standardized
vocabulary. This screen view 100 allows a user to annotate an
area of interest, such as a lesion, depicted in the image and
store the annotations in a database. As illustrated in the
screen view, the annotated data may also include anatomical
position of lesion, mass characteristics (e.g., the shape, the
margin, enhancement patterns, etc.), kinetic descriptions (e.g.,
initial uptake, delayed phase, etc.), stability, measurements,
as well as many other findings. According to the exemplary
embodiments, each of the annotations made by the physician in a
current study may be linked to prior annotations made in

previous studies. It should be noted that the term “user” may



WO 2012/123829 PCT/IB2012/050635

refer to any operator of the systems and methods described
herein, including, but not limited, to physicians, radiologists,

oncologists, etc.

[0015] Fig. 2 shows a data-linking tool 210 for intelligently
linking medical data received across different modalities
according to an exemplary embodiment. The data-linking tool
210, or simply tool, includes various components such as an
image-based context extraction module 220, a feature selection
module 230, a referencing engine 240, a presentation engine 250,
and a database of statistic models 260, some of which can be
implemented as software instructions executable by a processor.
Furthermore, the exemplary data-linking tool 210 includes a
processor and a non-transitory computer readable storage medium,
such as a memory. Accordingly, the memory may include the set
of software instructions that are executable by the processor.
It should be noted that, each of the components 220-250 of the
tool 210 may include an individual processor, memory and
corresponding instructions, thereby creating a multi-processor

architecture for the tool 210.

[0016] According to one of the exemplary embodiments, the
data-linking tool 210 is a network-based software tool utilizing
a communication service to allow physicians to read, create,
augment, interpret, compare and correlate medical data in both

images and reports.

[0017] Typically, physicians create annotations on images of
a lesion on a per-modality, per-study basis. The very same
lesion can be reviewed numerous times through a combination of
ultrasound, MRI, and mammography. For recurring patients, the

lesions need to be reviewed using prior image studies as
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reference points, in addition to any current imaging studies.
Thus, a time-saving aspect of the data-linking too 210 would be
to allow physicians to have different annotations of the same
lesion in various modality to be linked to create a summary of

progression made by the lesion.

[0018] During a current image study, a physician delineates a
lesion on an image such as the image illustrated in screen view
100. The physician then uses an annotation tool, such as the
BI-RADS tool, to describe the lesion using standardized terms.
For instance, annotations made using the BI-RADS tool may be
coded in extensible markup language (“XML”) as follows:
<?xml version='1l.0' encoding='utf-8'?>
<Content>
<LesionList number="2">
<Lesion uid="1.3.46.670589.5.2.23.650057008" />
</LesionList>
<CurrentFinding>
<UID>1.3.46.670589.5.2.23.650057008</UID>
<Modality>MR</Modality>
<Laterality>Right breast</Laterality>
<Depth>Medial</Depth>
<Location>5 o'clock position</Location>
<Type>Solid mass</Type>
<Keys number="7">
<Key Name="Shape" Value="Ovoid shape (Oval)">
<Key Name="Margin" Value="Spiculated">
<Key Name="Measurement " Direction="Left-right”
Value="1.5mm">
</Keys>
</CurrentFinding>

</Content>
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[0019] According to the exemplary embodiments described
herein, the image-based context extraction module 220 extracts
descriptive medical findings or “contextual information” (e.g.,
position of a lesion relative to landmarks) of a delineated
lesion while the lesion is being annotated by a physician. The
contextual information typically describes quantitative aspects
of lesions that may not be part of the BI-RADS tool. For
example, the location of a lesion is characterized in BI-RADS by
laterality, clock-position, and depth. However, the context of
the lesion describes the distance of the lesion relative to the
nipple, the skin surface, as well as other lesions in the
neighborhood. Such contextual information may be needed in
order to discern clustered lesions. For instance, the extracted
image-based context description of the lesion may be coded in
XML as follows:
<?xml version='1l.0' encoding='utf-8'?>
<Content>
<LesionList number="2">
<Lesion uid="1.3.46.670589.5.2.23.650057008" />
</LesionList>
<Context>
<UID>1.3.46.670589.5.2.23.650057008</UID>
<DistanceToNipple Unit="cm”>3</ DistanceToNipple>
<DistanceToSkin Direction="Axial” Unit="cm”>1.3</
DistanceToSkin>
<Distancetolesion uid="1.3.46.670589.5.2.23.650057008”
Unit="cm”>1</ DistancetoLesion>
<VolumeEstimate Unit="mm3”>4 </VolumeEstimate>
<Type Likelihood="0.8">Mass </Shape>
<Type Likelihood="0.2">Non-Mass-Like Enhancement</

Shape>
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<Shape Likelihood="0.7">0val </Shape>
<Shape Likelihood="0.3”>Round</Shape>
</Context>

</Content>

[0020] The feature selection module 230 builds a multi-modal
feature vector that includes descriptors of the annotation as
well as the extracted contextual information from the
annotation. The selection of features is based on statistic
models stored in the database 260. Furthermore, the
significance, or weight, of each of the selected features may

also be retrieved from the database 260.

[0021] Using the BI-RADS tool, physicians may annotate the
same lesion using different BI-RADS terms. Furthermore, the
inter-person agreement varies per descriptor. Statistic models
of the database 160 may describe the level of inter-person
agreement per descriptor. The higher the number is, then the

more significance the descriptor has to the referencing engine

(4

240. For example, a model may select “Modality,” “Laerality,”

(4 (4

Depth,” “Type,” “DistanceToNipple,” and “Shape” in order to

build a feature vector as follows:

Features Annotation values Context values Significance
Modality MR 0.05
Depth Medial 0.2
Location 5 o’clock 0.2
Laterality Right 0.5
Type Mass Mass=0.8 0.2

No-Mass-

Enhancement=0.2

DistanceToNipple | 3cm 0.1

Shape Oval Oval=0.7 0.2
Round=0.3
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[0022] The referencing engine 240 links annotations of the
same lesion, typically from different modalities or imaging
protocols in the same study. In order to determine the
likelihood of two annotations referring the same lesion, the
referencing engine 240 may use heuristics rules to

quantitatively compute a relevance score.

[0023] According to the exemplary embodiments described
herein, the referencing engine 240 computes a similarity (e.g.,
a relevance score or significance score) between the exemplary
feature vector of the current annotation and a feature vector of
a prior annotation or reference annotation. For instance, the
similarity between these two vectors may be modeled as a
distance (D) between the two vectors. Specifically, D may be
defined as a weighted sum of the distances of element features

as follows:

= ng s

[0024] In addition, the distance function d; may be computed
for each feature as follows:

4, = o ¥y g g% BT
Wherein a; and b; are annotation features, and a’; and b’; are the
image-based contextual feature corresponding to the annotation
features a; and b; respectively. When an image feature a’; has no

corresponding annotation feature, it may be assumed that the

value of a; will be empty, and vice versa.

[0025] Furthermore, a subtraction operation computes the
difference between two arbitrary values of features. For
instance, depending on the value of a descriptor (e.g.,

Modality), 1t may be a Boolean operation such as:

10
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1. Hazxh
n-b= {C‘ otherwise
[0026] For descriptors with numerical values, the subtraction

operation is defined as a subtraction of wvalues (e.g.,
DistanceToNipple). For clock-wise locations, the subtraction
operation may be defined as follows:

bz — Bk fle—8l< s
12 —fa— &, otharwise

ﬂ~<b={
[0027] For compound descriptor such as context annotations of
Mass or Shape, the subtraction operation is defined as the sum
of the subtraction of element descriptors. It should be noted
that while these exemplary equations may be used to compute a
relevance score or significance score between multiple feature
vectors, these equations merely provide one example of how these
scores may be computed. Accordingly, any number of alternative
equations may be used in the comparison of features vectors and

the computation and similarity scores.

[0028] Finally, the presentation engine 250 of the data-
linking tool 210 presents the user with a display of matching
annotations based on the similarities computed by the
referencing engine 240. According to one exemplary embodiment,
the presentation engine 250 interacts with a graphical user
interface (“GUI”), wherein the data is displayed to the user and
input is received from the user. From this display the user may
select a matching annotation from the list, as illustrated in

Fig. 3.

[0029] Fig. 3 shows an exemplary screen view 300 of matching
annotations received across different modalities according to an

exemplary embodiment. As noted above, the display of screen

11



WO 2012/123829 PCT/IB2012/050635

view 300 may be an interactive GUI, wherein the user provides
the data-linking tool 210 with input such as an image selection,

a request for more detailed information, etc.

[0030] The screen view 300 includes a “Images” section,
wherein the user may select an image from different modalities,
such as an ultrasound image, a mammography image, and an MRI
image. The screen view 300 also includes a “Report” section,
wherein the user may select different lesions from a list of
matching lesions. The screen view 300 further includes an
“Annotate” section, wherein the user may input various detailed
annotations for a selected image. These detailed annotations
may include adding a new mass, adding a non-mass, add a focus
region, etc. Additional detailed annotations may include, but
are not limited to, anatomical position of lesion, mass
characteristics (e.g., the shape, the margin, enhancement
patterns, etc.), kinetic descriptions (e.g., initial uptake,

delayed phase, etc.), stability, measurements, etc.

[0031] In addition to these annotations, the screen view 300
includes an “Assessment” section, wherein the user may input an
assessment, as well as medical notes related to this specific
finding. Whenever the user provides or adjust input within the
GUI of the screen view 300, the user may save the study to the
database 260 of the tool 210. Alternatively, the user may also
remove the finding or delete the study from the database 260

once it is no longer needed.

[0032] Fig. 4 shows an exemplary method 400 for automating
workflow of assigning work orders and tracking the process
according to an exemplary embodiment. It should be noted that

method 400 that will be discussed with reference to data-linking

12
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tool 210 and components of the system 200 of Fig. 2. As

detailed above, the data-linking tool 210 allows for users to
combine different modalities of the same lesion in order for a
summary of the progression may be effectively and efficiently

obtained by the user.

[0033] Beginning with step 410, the data-linking tool 210
receives medical data from a user. As noted above, the user may
delineate medical data, such as lesions, on an image using an
annotation tool. For instance, the user may provide annotations
to a current image using a standardized annotation tool such as
the BI-RADS tool. The BI-RADS annotations may be coded in XML

and transmitted to the referencing engine 240 for processing.

[0034] In step 420, the image-based extraction module 220 of
the tool 210 extracts contextual information from the annotated
image provided by the user. As noted above, the contextual data
may include information otherwise not available via the
annotation tool. This contextual information may include
descriptive data, relative distance to a landmark (e.g., nipple,
skin surface, etc.), pathological findings (e.g., another lesion
in the vicinity), etc. Similar to the BI-RADS annotations, the
contextual data may be coded in XML and transmitted to the

referencing engine 240 for processing.

[0035] In step 430, the feature-selection module 230 of the
tool 210 builds a multi-modal feature vector using the extracted
contextual data and the annotations from the user. As noted
above, the selection of features may be based on statistic
models stored in the database 260 and a weight factor (e.g., a
relevance score) of the selected features may be retrieved and

built into the multi-modal feature vector.

13
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[0036] In step 440, the referencing module 240 computes a
similarity between the feature vector of the current annotation
and a reference feature vector of a prior annotation.
Specifically, the referencing module 240 computes a weighted sum
of all the distances between each of the elements of the two
vectors. In other words, a relevance score is computed for each
of the annotation features from the current feature vector in
relation to a prior feature vector (e.g., a reference vector).
Accordingly, the referencing module 240 sorts relevant
annotations and provide a list of the most relevant annotation

scores to the presentation module 250.

[0037] In step 450, the presentation module 250 displays any
matching annotations between the feature vector and the
reference feature vector to the user via the GUI. The exemplary
GUI may be a web-based portal accessible to one or more

physicians on a network.

[0038] In step 460, the data-linking tool 210 receives
further input from the user such as a selection of an image, a
request for more detailed information, etc. Accordingly, the
presentation module 250 adjusts the display on the GUI based on

the received further input from the user.

[0039] Once annotations are linked through the data-linking
tool 210, a summary of the progression (e.g., changes in volume,
shape, margin, etc.) for each lesion may be generated.
Accordingly, this summary may be applied to any number of breast
cancer studies and reporting services, such as, for example the

“Cancer Care Companion” and “Integral Breast” of Clinical

14
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Information Solutions and “MammoTrack” products from Koninklijke

Philips Electronics N.V of Eindhoven, The Netherlands.

[0040] Those skilled in the art will understand that the
above-described exemplary embodiments may be implemented in any
number of manners, including, as a separate software module, as
a combination of hardware and software, etc. For example, the
data-linking tool 210 may be a program containing lines of code
stored on a non-transitory computer readable storage medium

that, when compiled, may be executed on a processor.

[0041] It is noted that the claims may include reference
signs/numerals in accordance with PCT Rule 6.2(b). However, the
present claims should not be considered to be limited to the
exemplary embodiments corresponding to the reference

signs/numerals.

[0042] It will be apparent to those skilled in the art that
various modifications may be made in the present invention,
without departing from the spirit or the scope of the invention.
Thus, 1t is intended that the present invention cover
modifications and variations of this invention provided they
come within the scope of the appended claimed and their

equivalents.

15



WO 2012/123829 PCT/IB2012/050635

What 1is claimed is:

1. A system, comprising:

an extraction module extracting contextual information
from an image of an area of interest including annotations;

a feature selection module building a current feature
vector using the extracted contextual information and the
annotations; and

a referencing engine computing a similarity score
between the current feature vector and a prior feature vector of

a prior image.

2. The system of claim 1, further comprising:
a presentation engine displaying matching annotations

between the image and the prior image.

3. The system of claim 2, wherein the presentation engine
receives input from a user via a user interface and adjusts the

image based on the input.

4, The system of claim 3, wherein the input received from the
user includes at least one of an image selection, an adjusted

detail, an assessment, and a request for additional information.

5. The system of claim 1, wherein the annotations includes at
least one of an image modality reading, a laterality reading, a
depth reading, a location reading, a type reading, a shape

reading, and a measurement reading.

6. The system of claim 1, wherein the contextual data includes

at least one of a relative distance to nipple, a relative

16
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distance to skin surface, a relative distance to lesion, a

volume estimate, a type likelihood, and a shape likelihood.

7. The system of claim 1, wherein the similarity score (D) is
computed as a weighted sum distances (d;) between each element
(m;) the current feature vector and the prior feature vector,

wherein:

ft= ng * i

wherein distances (d;) of annotation (a;) and (b;)are computed as:

; and

8. The system of claim 1, wherein the area of interest is a

lesion from a breast cancer patient.

9. The system of claim 1, wherein the image and the prior
image are of the same area of interest using different imaging
protocols, and wherein the imaging protocols includes at least
one of ultrasonic imaging, magnetic resonance imaging (“™MRI”)

imaging, and mammography (“MG”) imaging.

10. A method, comprising:

extracting, by an extraction module, contextual information
from an image of an area of interest including annotations;

building, a feature selection module, a current feature
vector using the extracted contextual information and the
annotations; and

computing, by a referencing engine, a similarity score
between the current feature vector and a prior feature vector of

a prior image.

17
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11. The method of claim 10, further comprising:
displaying, by a presentation engine, matching annotations

between the image and the prior image.

12. The method of claim 10, further comprising:
receiving input from a user via a user interface; and

adjusting the image based on the input.

13. The method of claim 12, wherein the input received from the
user includes at least one of an image selection, an adjusted

detail, an assessment, and a request for additional information.

14. The method of claim 10, wherein the annotations includes at
least one of an image modality reading, a laterality reading, a
depth reading, a location reading, a type reading, a shape

reading, and a measurement reading.

15. The method of claim 10, wherein the contextual data
includes at least one of a relative distance to nipple, a
relative distance to skin surface, a relative distance to
lesion, a volume estimate, a type likelihood, and a shape

likelihood.

16. The method of claim 10, wherein the similarity score (D) is
computed as a weighted sum distances (di;) between each element
(m;) the current feature vector and the prior feature vector,

wherein:

= ng i

wherein distances(d;) of annotation (a;) and (b;)are computed as:

; and

a—F &t - B

[y
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17. The method of claim 10, wherein the area of interest is a

lesion from a breast cancer patient.

18. The method of claim 10, wherein the image and the prior
image are of the same area of interest using different imaging
protocols, and wherein the imaging protocols includes at least
one of ultrasonic imaging, magnetic resonance imaging (“™MRI”)

imaging, and mammography (“MG”) imaging.

19. A non-transitory computer readable storage medium including
a set of instructions that are executable by a processor, the
set of instructions being operable at least to:

extract contextual information from an image of an area of
interest including annotations;

build a current feature vector using the extracted
contextual information and the annotations; and

compute a similarity score between the current feature

vector and a prior feature vector of a prior image.

20. The non-transitory computer readable storage medium of
claim 19, wherein the set of instructions are further operable
to:

display matching annotations between the image and the
prior image;

receive input from a user via a user interface; and

adjust the image based on the input.
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