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measured anatomical or physiological quantities. One
example of a simple health status metric is the relative change
in internal diameter of the carotid artery along its length in an
area of stenosis, as this may provide an indirect measurement
of the burden of plaque in the carotid artery wall. For patients
with a stenosis greater than a threshold percentage of the
normal arterial diameter, the risk of having a stroke as a
possible future outcome may be elevated compared to normal
people, and a carotid endarterectomy may be recommended
to remove the plaque material and prevent the stroke from
occurring. Note that the measurement of the internal diam-
eters of the carotid artery may be accomplished after the
comparison of the patient’s image data, either indirectly or
directly at step 106, to comparison image(s), and the thresh-
old value and corresponding risk metric for stroke may be
determined if the corresponding health status and outcomes
are known for the one or more individuals represented by the
comparison image(s). In other embodiments, the health status
metrics may be more complex calculations comparing a
patient’s data to a reference population, or identifying actual
presence of burden of disease. In other embodiments, the
health status metrics may be calculated by comparing a
patient’s image data to their own image data that was acquired
on a prior occasion, for example, it is often desirable to
monitor the size of a patient’s brain ventricles to determine
whether excess cerebrospinal fluid has collected in the ven-
tricles and a brain shunt should be placed. In this example, the
patient’s relevant health status metric may be any changes in
size to their own brain ventricles during the period of moni-
toring.

[0036] In some embodiments, a software application may
be used to create the report of step 110. For example, in some
embodiments, a user-readable report may be created at step
110 within the same software application used to perform any
of the preceding steps. In other embodiments, a first software
application may report the quantitative health status and/or
risk metrics in a predetermined format for automated process-
ing by a second software application that creates the user-
readable report. In at least one embodiment, the method may
write the quantitative health status and/or risk metrics to a file
according to a data file format that has been previously
defined. This data file format may be previously defined by
the input requirements of a voice recognition software appli-
cation, which converts the speech of a radiologist to text and
then combines the text with the contents of the data file to
create a user-readable report for review by a user.

[0037] The report format may include a printed report, an
electronic report, a saved report, an emailed report, tablet
device, smartphone, or wearable tech with a display interface
such as an optical head-mounted display. The report may be
uploaded by the method to a cloud storage bank for retrieval
by a user. Additionally or alternatively, the report may be
stored or wrapped in a second file format for communication
to and display on a user device. For example, the reporting
may take the form of generating a PDF report which is
wrapped in a DICOM or HL7 wrapper for communication to
a Picture Archiving and Communication System (PACS)
where it can be accessed and read by a user.

[0038] FIG. 2 shows an example implementation of the
method of the present disclosure. Specifically, the method
200 of FIG. 2 may provide for image analysis and report
creation for a patient’s lung imaging, such as for an annual
lung screening CT imaging exam. At least as shown, the
computer-implemented method 200 may comprise the com-
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puter-automated steps of: receiving one or more CT images of
a patient’s chest, said CT images having been obtained from
a CT scanner, as shown at 202; segmenting the images into
voxels corresponding to lung parenchyma from other types of
tissue, as shown at 204; creating a mask of ones and zeroes
corresponding to lung parenchyma voxels with CT density
less than a threshold value of -950 Hounsfield Units, said
threshold having been previously defined as a biomarker for
“likely emphysema,” as shown at 206; counting the number of
lung parenchyma voxels with mask values=1 in each lung,
and in the different lobes of each lung, as shown at 208;
translating the values calculated at 208 into relative lung
volumes of “likely emphysema,” as shown at 210; comparing
the relative volumes of “likely emphysema” to a series of CT
density thresholds, as shown at 212; calculating the patient’s
risk for the relevant clinical outcomes by associating the
patient with one of the multiple participant cohorts according
to the patient’s relative volume of “likely emphysema,” as
shown at 214; and creating by computer software a patient-
centered report, wherein the reporting format is specifically
tailored for the average lung screening patient, such as for
example a lay person with a grade 6 reading level, as shown at
216.

[0039] Insomeembodiments, the CT density thresholds of
step 212 may include one or more density thresholds defined
on a prior occasion from an analysis of one or more images,
such as images from the NLST image database or another
image database. The density threshold(s) may be defined by
stratifying the one or more images into individual relative
volumes of “likely emphysema,” and defined multiple thresh-
olds to create multiple separate corresponding cohorts having
similar prevalence of relevant clinical outcomes, e.g. lung
cancer.

[0040] Insome embodiments, steps 204 to 214 may addi-
tionally comprise evaluating the patient’s image(s) for other
biomarkers. For example, the presence of coronary artery
calcifications, and the quantitative health status and risk met-
rics may reflect these additional biomarkers as well. In other
words, the identification of an appropriate corresponding
cohort may comprise considering additional imaging or other
biomarker or patient-characteristic information, for example,
patient age, smoking history, etc.

[0041] FIG. 3 is an example of a report for a patient gener-
ated by the exemplary method of FIG. 2 and is included for
illustrative purposes only. As shown, the contents and format
of the report may be tailored to encourage the patient to make
an attempt to quit smoking, i.e. the patient report may be
intended to enhance smoking cessation counseling. The
example report of FIG. 3 has five sections of information
addressing all components of the Health Belief Model, which
is an accepted model for influencing a patient’s health behav-
iors: (1) an Image section, which provides visual feedback
and quantitative health status metrics related to the areas of
“likely emphysema”; (2) a Comparative section, which con-
tains quantitative health risk metrics derived from a compari-
son of the patient’s images to the study participants in the
NLST study; (3) a Health Outcomes section which provides
information about the long-term health outcomes for the
associated participant cohort; (4) a Quit Now section which
outlines the benefits of making a quit attempt; and (5) an
Outreach section, which provides contact information for a
Smoking Cessation Support service. To ensure that the report
may be understood by the average participant in a lung
screening program, the level of English used may be targeted
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to grade 6 proficiency level and the amount of text content
may be dramatically reduced compared to a report that would
be intended for a healthcare professional. As shown, the
patient’s individual health risks may be included using
graphical means to convey the risks instead of percentages or
text. It may be appreciated that in other embodiments, the
tailored report may have other sections, graphics, language,
goals, and/or other elements.

[0042] Insome examples, the method shown in FIG. 2 may
a create a patient report whose format and content is addition-
ally tailored to the patient on the basis of one or more indica-
tions of characteristics of the patient. A report for a younger
patient may differ from a report for an older patient, for
example; a report for a woman may differ from a report for a
man; and reports may differ based on race, other genetic
characteristics, or behavioral characteristics of the patient,
which may affect the impact of the report on the patient’s
perceptions and response based on behavioral research. The
report format and content may be specifically tailored on the
basis of the individual patient’s characteristics to be most
effective for influencing that patient’s behavior. For example,
the font size may be increased for patients of advanced age.
Different messaging may be selected to be more effective in
younger patients versus older patients. For example, younger
patients may be more influenced to quit smoking by a mes-
sage that emphasizes their increased risk for developing
advanced emphysema and the concomitant loss of earning
potential, chronic health issues, etc. As another example,
male patients may be more influenced by messaging that
focuses on their increased risk of heart disease.

[0043] In some implementations, the method may receive
the medical images directly as a DICOM send/push from a
medical imaging system, or via a secondary routing decision
by a separate device based on the contents of the DICOM tags
in the medical images, or via a manual push by a user. The
method may be implemented as a software application run-
ning in a hospital enterprise data center, and may be installed
as avirtual machine on a virtualization layer such as VMware.
The method may include the capability of processing in par-
allel to generate reports from multiple patients concurrently.
Multiple reports for multiple patients may also be generated
concurrently. The method may comprise a step of dynami-
cally activating additional virtual machines to provide the
hardware resources necessary to process the incoming patient
images in parallel, and then dynamically de-activating these
virtual machines when they are not needed.

[0044] In some embodiments, the method may route the
report(s) automatically to a predetermined receiving device
such as a Picture Archiving and Communications system
(PACS) or an Enterprise Health Record (EHR) system for
access and review by a user. In other embodiments, the
method may save the quantitative health status and risk met-
rics in a text file format report according to a pre-determined
data ordering, for later parsing by a different software appli-
cation into a user-readable report.

[0045] The computer-implemented methods of this disclo-
sure may utilize any computer-based system in order to com-
pute, calculate, retrieve, reproduce, transform, handle or oth-
erwise utilize any of the retrieved data. For purposes of this
disclosure, any system or information handling system used
for the methods described herein may include any instrumen-
tality or aggregate of instrumentalities operable to compute,
calculate, determine, classify, process, transmit, receive,
retrieve, originate, switch, store, display, communicate,
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manifest, detect, record, reproduce, handle, or utilize any
form of information, intelligence, or data for business, scien-
tific, control, or other purposes. For example, a system or any
portion thereof may be a personal computer (e.g., desktop or
laptop), tablet computer, mobile device (e.g., personal digital
assistant (PDA) or smart phone), server (e.g., blade server or
rack server), a network storage device, or any other suitable
device or combination of devices and may vary in size, shape,
performance, functionality, and price. A system may include
random access memory (RAM), one or more processing
resources such as a central processing unit (CPU) or hardware
or software control logic, ROM, and/or other types of non-
volatile memory. Additional components of a system may
include one or more disk drives or one or more mass storage
devices, one or more network ports for communicating with
external devices as well as various input and output (1/O)
devices, such as a keyboard, a mouse, touchscreen and/or a
video display. Mass storage devices may include, but are not
limited to, a hard disk drive, floppy disk drive, CD-ROM
drive, smart drive, flash drive, or other types of non-volatile
data storage, a plurality of storage devices, or any combina-
tion of storage devices. A system may include what is referred
to as a user interface, which may generally include a display,
mouse or other cursor control device, keyboard, button,
touchpad, touch screen, microphone, camera, video recorder,
speaker, LED, light, joystick, switch, buzzer, bell, and/or
other user input/output device for communicating with one or
more users or for entering information into the system. Out-
put devices may include any type of device for presenting
information to a user, including but not limited to, a computer
monitor, flat-screen display, or other visual display, a printer,
and/or speakers or any other device for providing information
in audio form, such as a telephone, a plurality of output
devices, or any combination of output devices. A system may
also include one or more buses operable to transmit commu-
nications between the various hardware components.

[0046] One or more programs or applications, such as a
web browser, and/or other applications may be stored in one
or more of the system data storage devices. Programs or
applications may be loaded in part or in whole into a main
memory or processor during execution by the processor. One
Or more processors may execute applications or programs to
run systems or methods of the present disclosure, or portions
thereof, stored as executable programs or program code in the
memory, or received from the Internet or other network. Any
commercial or freeware web browser or other application
capable of retrieving content from a network and displaying
pages or screens may be used. In some embodiments, a cus-
tomized application may be used to access, display, and
update information.

[0047] Hardware and software components of the present
disclosure, as discussed herein, may be integral portions of a
single computer or server or may be connected parts of a
computer network. The hardware and software components
may be located within a single location or, in other embodi-
ments, portions of the hardware and software components
may be divided among a plurality of locations and connected
directly or through a global computer information network,
such as the Internet.

[0048] As will be appreciated by one of skill in the art, the
various embodiments of the present disclosure may be repre-
sented as a method (including, for example, a computer-
implemented process, a business process, and/or any other
process), apparatus (including, for example, a system,
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machine, device, computer program product, and/or the like),
or a combination of the foregoing. Accordingly, embodi-
ments of the present disclosure may take the form of an
entirely hardware embodiment, an entirely software embodi-
ment (including firmware, middleware, microcode, hardware
description languages, etc.), or an embodiment combining
software and hardware aspects. Furthermore, embodiments
of the present disclosure may take the form of a computer
program product on a computer-readable medium or com-
puter-readable storage medium, having computer-executable
program code embodied in the medium, that define processes
or methods described herein. A processor or processors may
perform the necessary tasks defined by the computer-execut-
able program code. Computer-executable program code for
carrying out operations of embodiments of the present dis-
closure may be written in an object oriented, scripted or
unscripted programming language such as Java, Perl, PHP,
Visual Basic, Smalltalk, C++, or the like. However, the com-
puter program code for carrying out operations of embodi-
ments of the present disclosure may also be written in con-
ventional procedural programming languages, such as the C
programming language or similar programming languages. A
code segment may represent a procedure, a function, a sub-
program, a program, a routine, a subroutine, a module, an
object, a software package, a class, or any combination of
instructions, data structures, or program statements. A code
segment may be coupled to another code segment or a hard-
ware circuit by passing and/or receiving information, data,
arguments, parameters, or memory contents. Information,
arguments, parameters, data, etc. may be passed, forwarded,
or transmitted via any suitable means including memory shar-
ing, message passing, token passing, network transmission,
etc.

[0049] Inthecontext of this document, acomputer readable
medium may be any medium that can contain, store, commu-
nicate, or transport the program for use by or in connection
with the systems disclosed herein. The computer-executable
program code may be transmitted using any appropriate
medium, including but not limited to the Internet, optical fiber
cable, radio frequency (RF) signals or other wireless signals,
or other mediums. The computer readable medium may be,
for example but is not limited to, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor system,
apparatus, or device. More specific examples of suitable com-
puter readable medium include, but are not limited to, an
electrical connection having one or more wires or a tangible
storage medium such as a portable computer diskette, a hard
disk, a random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a compact disc read-only
memory (CD-ROM), or other optical or magnetic storage
device. Computer-readable media includes, but is not to be
confused with, computer-readable storage medium, which is
intended to cover all physical, non-transitory, or similar
examples of computer-readable media.

[0050] Various embodiments of the present disclosure may
be described herein with reference to flowchart illustrations
and/or block diagrams of methods, apparatus (systems), and
computer program products. It is understood that each block
of the flowchart illustrations and/or block diagrams, and/or
combinations of blocks in the flowchart illustrations and/or
block diagrams, can be implemented by computer-executable
program code portions. These computer-executable program
code portions may be provided to a processor of a general
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purpose computer, special purpose computer, or other pro-
grammable data processing apparatus to produce a particular
machine, such that the code portions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create mechanisms for implementing the
functions/acts specified in the flowchart and/or block diagram
block or blocks. Alternatively, computer program imple-
mented steps or acts may be combined with operator or
human implemented steps or acts in order to carry out an
embodiment of the invention.

[0051] Additionally, although a flowchart may illustrate a
method as a sequential process, many of the operations in the
flowcharts illustrated herein can be performed in parallel or
concurrently. In addition, the order of the method steps illus-
trated in a flowchart may be rearranged for some embodi-
ments. Similarly, a method illustrated in a flow chart could
have additional steps not included therein or fewer steps than
those shown. A method step may correspond to a method, a
function, a procedure, a subroutine, a subprogram, etc.
[0052] Asused herein, the terms “substantially” or “gener-
ally” refer to the complete or nearly complete extent or degree
of an action, characteristic, property, state, structure, item, or
result. For example, an object that is “substantially” or “gen-
erally” enclosed would mean that the object is either com-
pletely enclosed or nearly completely enclosed. The exact
allowable degree of deviation from absolute completeness
may in some cases depend on the specific context. However,
generally speaking, the nearness of completion will be so as
to have generally the same overall result as if absolute and
total completion were obtained. The use of “substantially” or
“generally” is equally applicable when used in a negative
connotation to refer to the complete or near complete lack of
an action, characteristic, property, state, structure, item, or
result. For example, an element, combination, embodiment,
or composition that is “substantially free of” or “generally
free of” an ingredient or element may still actually contain
such item as long as there is generally no measurable effect
thereof.

[0053] As used herein any reference to “one embodiment”
or “an embodiment” means that a particular element, feature,
structure, or characteristic described in connection with the
embodiment is included in at least one embodiment or imple-
mentation. The appearances of the phrase “in one embodi-
ment” in various places in the specification are not necessarily
all referring to the same embodiment. Features, elements,
structures, or characteristics described with respect to differ-
ent embodiments may be combined in any suitable combina-
tion.

[0054] As used herein, the terms “comprises,” “compris-
ing,” “includes,” “including,” “has,” “having” or any other
variation thereof, are intended to cover a non-exclusive inclu-
sion. For example, a process, method, article, or apparatus
that comprises a list of elements is not necessarily limited to
only those elements but may include other elements not
expressly listed or inherent to such process, method, article,
or apparatus. Further, unless expressly stated to the contrary,
“or” refers to an inclusive or and not to an exclusive or. For
example, a condition A or B is satisfied by any one of the
following: A is true (or present) and B is false (or not present),
A is false (or not present) and B is true (or present), and both
A and B are true (or present).

[0055] In addition, use of the “a” or “an” are employed to
describe elements and components of the embodiments
herein. This is done merely for convenience and to give a

9 &«



US 2016/0203263 Al

general sense of the description. This description should be
read to include one or at least one and the singular also
includes the plural unless it is obvious that it is meant other-
wise.

[0056] Still further, the figures depict preferred embodi-
ments for purposes of illustration only. One skilled in the art
will readily recognize from the discussion herein that alter-
native embodiments of the structures and methods illustrated
herein may be employed without departing from the prin-
ciples described herein.

[0057] Upon reading this disclosure, those skilled in the art
will appreciate still additional alternative structural and func-
tional designs for a system and a process for generating a
report based on images obtained from image systems as dis-
cussed herein. Thus, while particular embodiments and appli-
cations have been illustrated and described, it is to be under-
stood that the disclosed embodiments are not limited to the
precise construction and components disclosed herein. Vari-
ous modifications, changes and variations, which will be
apparent to those skilled in the art, may be made in the
arrangement, operation and details of the method and appa-
ratus disclosed herein without departing from the spirit and
scope defined in the appended claims.

[0058] While the systems and methods described herein
have been described in reference to some exemplary embodi-
ments, these embodiments are not limiting and are not nec-
essarily exclusive of each other, and it is contemplated that
particular features of various embodiments may be omitted or
combined for use with features of other embodiments while
remaining within the scope of the invention.

What is claimed is:

1. A computer implemented method for assessing and com-
municating a patient’s health status and risk, the method
comprising:

receiving an imaging dataset of the patient, the imaging

dataset comprising a plurality of voxels;

automatically analyzing the imaging dataset for the pres-

ence and extent of an imaging biomarker;
comparing the presence and extent of the imaging biomar-
ker in the imaging dataset of the patient to the presence
and extent of the imaging biomarker in historical imag-
ing datasets previously acquired from other patients hav-
ing known clinical outcomes;
using the comparison to calculate personalized quantita-
tive health status and risk metrics for the patient; and

creating a report tailored for the intended user of the report
to communicate the patient’s personalized quantitative
health status and risk metrics.

2. The method of claim 1, further comprising segmenting
the imaging dataset of the patient into voxels corresponding
to tissue of interest and voxels corresponding to tissue of no
interest.

3. The method of claim 1, wherein the imaging biomarker
is the number of voxels with intensity below a threshold.

4. The method of claim 3, wherein the threshold is in the
range 910 HU to -960 HU.

5. The method of claim 1, wherein the quantitative health
status and risk metrics are related to one or any combination
of: myocardial infarction, Chronic Obstructive Pulmonary
Disease (COPD), emphysema, lung cancer, decreased lung
function, COPD exacerbations, coronary artery disease, and
stroke.
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6. A computer implemented method for assessing and com-
municating a patient’s health status and risk, the method
comprising:
receiving at least one medical image of a patient, the at least
one medical image comprising a plurality of voxels;

directly comparing the at least one medical image to his-
torical image data previously acquired from other
patients having known clinical outcomes;

using the comparison to calculate personalized quantita-

tive health status and risk metrics for the patient; and
creating a tailored report based on indications of charac-

teristics of the user to communicate the patient’s person-

alized quantitative health status and risk metrics.

7. The method of claim 6, wherein the direct comparison
uses an unsupervised machine-learning algorithm.

8. The method of claim 6, wherein the direct comparison
uses a model-based algorithm.

9. The method of claim 6, further comprising:

segmenting the at least one medical image into voxels

corresponding to a tissue of interest and voxels not of
interest.
10. The method of claim 9, further comprising:
automatically analyzing the voxels of interest for the pres-
ence and extent of an imaging biomarker; and

comparing the presence and extent of the imaging biomar-
ker in the voxels of interest to the presence and extent of
the imaging biomarker in the historical image data.

11. The method of claim 10, wherein the imaging biomar-
ker is selected from the group of parametric metrics consist-
ing of: number of voxels among the voxels of interest with
image intensity below or above a threshold intensity, percent-
age of voxels of interest with image intensity below or above
a threshold intensity, mean image intensity of the voxels of
interest, mean image intensity of the voxels among the voxels
of interest with image intensity below or above a threshold
intensity, standard deviation of the voxels of interest, standard
deviation of the image intensity of the voxels among the
voxels of interest with image intensity below or above a
threshold intensity, other metrics derived from a histogram of
the image voxel intensities for the voxels of interest, dimen-
sions of an anatomical feature, pharamacokinetic modeling
coefficients of the voxels of interest, and diffusion character-
istics of the voxels of interest.

12. The method of claim 11, wherein the group of para-
metric metrics further includes the rate of change of any of the
parametric metrics.

13. The method of claim 6, wherein the comparison com-
prises identifying similar imaging features between the
patient’s at least one medical image and the historical image
data.

14. The method of claim 13, wherein the similar imaging
features include one or any combination of: textural patterns
of image intensity, statistical characteristics of the image
intensity distribution, location of focal abnormalities, size of
anatomical structure, size of abnormal structure, and physical
characteristics of focal abnormalities.

15. The method of claim 6, wherein the calculation of
personalized quantitative health status and risk metrics
involves clinical data of the patient in addition to the medical
image.

16. The method of claim 6, wherein image registration
techniques are used to facilitate the comparison of the
patient’s medical images to the historical image data.
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17. The method of claim 6, wherein the origin of the his-
torical data is selected from the group consisting of: a multi-
center trial, archives of a facility where the patient’s medical
image is acquired, archives of a facility where the patient is
treated, and a purchasable database of medical images and
corresponding clinical outcomes.

18. The method of claim 6, wherein the comparison to
historical data involves other types of clinical data of the
patient in addition to the medical image.

19. The method of claim 6, wherein the at least one medical
image is from a modality selected from the group consisting
of: magnetic resonance imaging, computed tomography, two-
dimensional planar x-ray, Xx-ray mammography, positron
emission tomography, ultrasound, and single-photon emis-
sion computed tomography.
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