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(57) ABSTRACT

Methods and systems of accelerating the adoption of a
medical treatment by healthcare providers are disclosed. The
methods include providing to a healthcare provider a set of
selectable criteria for determining whether a specific medi-
cal treatment is indicated for a particular patient, analyzing
the criteria selected, and indicating to the healthcare pro-
vider whether the medical treatment is indicated. A system
and methods are provided which are suitable for optimizing
the use of nuclear imaging for assessing risks of cardiovas-
cular disorders and, when appropriate, for implementing
intervention strategies to reduce such risks.
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SYSTEM AND METHOD FOR OPTIMIZING
NUCLEAR IMAGING APPROPRIATENESS
DECISIONS

CLAIM OF PRIORITY TO PRIOR
APPLICATION

[0001] This application is a continuation of co-pending
U.S. Non-Provisional patent application Ser. No. 15/356,
179, filed on Nov. 18, 2016, entitled “System and Method
for Optimizing Nuclear Imaging Appropriateness Deci-
sions,” which is a continuation-in-part of U.S. Non-Provi-
sional patent application Ser. No. 13/627,031, filed on Sep.
26, 2012, entitled “System and Method for Optimizing
Nuclear Imaging Appropriateness Decisions,” which claims
the benefit of the filing date of U.S. Provisional Application
Ser. No. 61/542,717, filed on Oct. 3, 2011, entitled “System
and Method for Optimizing Nuclear Imaging and Appropri-
ateness Decisions.” By this reference, the entire disclosures,
including the claims and drawings, of co-pending U.S.
Non-Provisional patent application Ser. No. 15/356,179,
U.S. Non-Provisional patent application Ser. No. 13/627,
031, and U.S. Provisional Application Ser. No. 61/542,717,
are hereby incorporated by reference into the present dis-
closure as if set forth in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to the field of health-
care risk management, particularly as it relates to optimizing
the use of nuclear imaging for assessing risks of cardiovas-
cular disorders and, when appropriate, for evaluating and
implementing intervention strategies to reduce such risks.
More particularly, many aspects of the present invention
relate to enabling efficient and effective determinations
whether the expense of nuclear imaging is likely to be
suitable and improving the systems and methods for imple-
mentation of appropriate risk assessment procedures for a
particular patient.

2. Description of Background and Related Art

[0003] Optimal management of healthcare is an incredibly
enormous challenge, and the need for more efficient-yet-
effective solutions is extremely grave—not just for the
healthcare system and its patients—but for the entire United
States economy. While Americans hope for a gallant knight
to provide miraculous sweeping solutions for the entire
system, there remains a huge unmet need for technology to
help solve the crisis at every level in healthcare manage-
ment.

[0004] A particular need for better solutions revolves
around balancing the costs and benefits of using nuclear
imaging for screening purposes. Each nuclear imaging pro-
cedure involves substantial expense and involves a level of
risk in itself due for instance to radiation exposure, and yet
the potential value is also tremendous. If we can capture the
right images at the right times for the right patients, then we
can accurately determine whether or not, and when, to
implement other more costly and/or more invasive interven-
tions in order to avoid still greater expenses and unnecessary
loss of life. From a cost management perspective, the
challenge is deciding whether and when nuclear imaging is
likely to be of more value than the costs.
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[0005] Thankfully, various scoring systems and the like
have been developed as statistically sound predictors for
whether more costly procedures such as nuclear imaging are
likely to be justified in a particular case. In the cardiovas-
cular field, one of the more widely trusted of these scoring
systems is the Framingham Risk Score (FRS, publicized in
1998 and revised at least twice since). FRS can be a fairly
reliable identifier of individuals at increased risk for future
cardiovascular events, which can be useful in helping decide
whether interventions should be implemented to reduce the
risks and whether more extensive and costly assessments,
such as nuclear imaging, are likely to be beneficial. The
costs of nuclear imaging are usually accepted as appropriate
if a patient’s FRS indicates at least moderate or intermediate
risk of cardiovascular disease, whereas nuclear imaging is
generally NOT considered appropriate if a patient’s FRS
indicates a low risk for cardiovascular disorders.

[0006] Unfortunately, even though use of FRS and other
analogous factors has long been widely encouraged to help
appropriately manage nuclear imaging decisions, it is much
easier said than done. Despite the reliability of FRS, deter-
mining the score itself is a complicated process replete with
opportunity for error, particularly if answers are rushed. Too
often the data is not available for every factor in the analysis,
and the score becomes less accurate and less reliable.
Consistent reliable use of FRS for nuclear imaging decisions
seems to require ideal situations where time availability is
abundant, information systems run perfectly, and healthcare
personnel are continually superhuman. The usefulness of
such a score can, hence, be frustrated in the moment at the
point of care if some of the necessary data is unavailable or
if caregivers do not have adequate support to minimize
errors. Consequently, routine use of FRS for making nuclear
imaging decisions has not been adequately attainable.
Although the system demands it, healthcare personnel can’t
continually know everything at once, and it is very chal-
lenging to have a mastery of all known risk factors for a
variety of disease conditions, particularly when competing
standards are being debated in academia or when the stan-
dards themselves are imprecise ideals that are difficult to
implement in practice.

[0007] Electronic medical record (EMR) systems and
Healthcare Information Management Systems (HIMS) have
helped on the data retention and retrieval side of the prob-
lems by allowing easier access to a patient’s historical data,
but such systems are not and perhaps can never be intelligent
enough to substitute for real time observation by a health-
care practitioner. The SureCare system made available in
some facilities has offered rules-based risk assessment pro-
cessing support for other fields such as heart failure, and
other information systems have reportedly been customized
in attempts to add a level of predictive processing that raises
focused alerts based on a patient’s history in the realms of
diabetes care and oncology. However, reliably effective
implementation has been very challenging even in those
other fields.

[0008] Seemingly unavoidable practical challenges and
systemic limitations have confounded practical and effective
use of such scoring systems for optimizing nuclear imaging
decisions. Moreover, healthcare administrations are very
cautious about minimizing the human professional element
out of the risk management decision-making process. Elec-
tronic processing systems cannot be made intelligent
enough, and the potential liabilities are too great. Human
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caregivers are flawed enough without adding another layer
of uncertainty by delegating decisions to computers. Plus,
scoring systems are theoretical and do not always account
for real world situations. As a result, prior to the present
invention, there has been a long felt need for systems that
can consistently and reliably implement risk scoring systems
to help in the determination of whether and when to conduct
nuclear imaging as a cardiovascular risk management tool.
[0009] Moreover, different systems have been developed
over the years for creating orders for medical tests or
procedures, inserting such orders into a hospital or clinic
system, and implementing such orders. Many such ordering
systems have been developed such that order generation and
insertion can be accomplished, at least in part, through a
computer-based functionality.

[0010] In addition, at least some medical procedures
require prior authorization before the order for such medical
procedures may be implemented. Such an authorization
process typically requires time spent exclusively on detail-
ing the need for the recommended medical procedure for a
particular patient, wherein the authorization process likely
involves gathering medical data related to the particular
patient, wherein the medical data gathered is specifically
relevant to the particular medical procedure for which the
order is recommended. Moreover, justification as to why a
particular procedure is necessary for a particular patient is
likely a prerequisite before an insurance provider will autho-
rize payment for such procedure.

[0011] Along with this data-gathering process, there is
likely needed data entry of the relevant data in some type of
format, whether that occurs on a local network system or on
a website or some other platform. Thus, given the ineffi-
ciency of current practice relating to a disconnect between a
system for injecting orders for medical procedures into a
healthcare network system and the process for receiving
authorization for implementing such orders, there is clearly
a need for a more efficient and effective system and method
for accomplishing these tasks.

SUMMARY OF THE INVENTION

[0012] The present invention is fundamentally directed to
helping the healthcare system manage its costs and to
optimizing the use of nuclear imaging for risk assessment
purposes and, more particularly, to enabling eflicient and
effective determinations whether and how nuclear imaging
is likely to be appropriate for a particular patient. Related
objects are to help healthcare systems reduce costs, increase
efficiency and effectiveness, and reduce wasted time and
expenses—both in relation to under-utilization and over-
utilization of nuclear imaging. Other related objects are to
develop solutions that help healthcare systems manage the
risks and liabilities related to nuclear imaging decisions, and
to enable lower cost insurance programs and regulatory
compliance programs.

[0013] Itis also an object to provide a system and method
that enable accountable care, preferably in a way that can
minimize statistically unnecessary testing costs and opti-
mize overall healthcare costs, particularly in the contexts of
21st century healthcare reforms in America. In keeping with
the concepts of accountability and optimization, the dis-
closed system and methods include an improved computer-
based ordering system for injecting clinical orders into an
existing EMR system such that an order for nuclear imaging
includes reference to most, if not all, relevant data for
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determining that nuclear imaging is appropriate for a par-
ticular patient. Integrated with this relevant data are justifi-
cations for injecting such an order that are at least in
accordance with published clinical guidelines and other
acceptable clinical standards as required for the ultimate
authorization to implement the order for nuclear imaging.
[0014] Various aspects of the present invention address as
much by providing clinical decision software being inte-
grated with EMR systems and comprehensive rules-based
processing deployed real-time at the point of patient care,
culminating in presentation of various levels of recom-
mended ordering options in real time for the caregiver while
he or she is still on location with the patient. Aspects of the
invention allow newly entered data and physician discretion
to be processed real-time together with data mined from the
data available in the patient’s EMR record, all to enable
nuclear imaging decisions based on practical translations of
accepted standards. Mined data should be understood to
include all data relevant to determining the appropriateness
of nuclear imaging for a patient, in all forms in which such
data is entered and stored in the EMR system. Such data
forms may include structured data, as well as unstructured
data in the form of free-text data or image data from scanned
documents. All relevant data extracted from the EMR sys-
tem is presented to the physician or caretaker in a readily
understandable format through the use of a graphical user
interface (GUI) incorporated into the disclosed system.
[0015] Inan exemplary embodiment, the present invention
provides a convenient, accurate way for a healthcare pro-
vider to assess the risk of cardiovascular disorders in an
individual patient, and therefore to assess whether more
costly nuclear imaging is appropriate as part of the risk
management regimen for that particular patient. The present
invention preferably provides such a method in the form of
a middleware system that is readily utilized by doctors,
nurses, and other healthcare providers. This middleware
system employs a variety of techniques for optimizing
nuclear imaging for particular patients while providing an
improved computer-based ordering system incorporating all
relevant data from the patient’s EMR records for determin-
ing the appropriateness of nuclear imaging and including, in
an order for nuclear imaging, relevant clinical guideline-
based information justifying the need for particular nuclear
imaging procedures for particular patients in compliance
with pre-authorization procedures. Furthermore, with some
preferred embodiments, implementation of a recommended
order for nuclear imaging may require authorization,
wherein the middleware system, in combination with an
authorization system, may enable operability of a nuclear
imaging device for the purpose of performing a nuclear
imaging procedure in relation to a particular patient.
[0016] Many other objects, features, advantages, benefits,
improvements and non-obvious unique aspects of the pres-
ent invention, as well as the prior problems, obstacles,
limitations and challenges that are addressed, will be evident
to the reader who is skilled in the art, particularly when this
application is considered in light of the prior art. It is
intended that such objects, features, advantages, benefits,
improvements and non-obvious unique aspects are within
the scope of the present invention, the scope of which is
limited only by any claims of this and any related patent
applications, and any amendments thereto.

[0017] To the accomplishment of all the above, it should
be recognized that this invention may be embodied in the
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form illustrated in the accompanying drawings, attention
being called to the fact, however, that the drawings are
illustrative only, and that changes may be made in the
specifics illustrated or described.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a schematic illustration of a typical
preferred embodiment of system 10 deployed as a middle-
ware system for supporting care and clinical decisions
relative to patient 500.

[0019] FIGS. 2A-2E are tables showing risk levels and
factors for determining a Framingham Risk Score.

[0020] FIG. 3 is a schematic flow diagram of method steps
of an embodiment associated with cardiac disorder diagno-
sis, prevention, and protocols for evaluating appropriateness
of nuclear imaging.

[0021] FIG. 4 is a schematic flow diagram of method steps
continuing from the flow diagram illustrated in FIG. 3.
[0022] FIG. 5 is a screenshot illustrating a home screen
300 for various aspects of alternative embodiments devel-
oped according to the teachings of the disclosed system
(portions of which are redacted in this description solely in
order to minimize unintended disclosure of possible patient
identifiers).

[0023] FIGS. 6 & 7 are screenshots illustrating a symp-
toms pop-up window at two different stages of completion
pursuant a preferred embodiment method.

[0024] FIG. 8A is a screenshot illustrating a pop-up win-
dow indicating status of a recommendation.

[0025] FIGS. 8B-8D are screenshots illustrating an order
confirmation reporting window 370 of an embodiment
developed according to the teachings herein.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0026] FIGS. 1-8D are provided to help illustrate and
illuminate aspects of preferred and alternative embodiments
of the present invention. Although somewhat redundant in
various respects, also attached as Appendix A (incorporated
here in its entirety by this reference) is a compilation of
supplemental information that may help to further illuminate
aspects of preferred and alternative embodiments for the
benefit of those having ordinary skill in the art.

[0027] The present invention provides and enables
straightforward methods and systems by which healthcare
professionals can determine whether, when and how nuclear
imaging is likely to be suitable and appropriate as a risk
assessment tool for a particular patient. Preferred embodi-
ments are particularly adapted for use in helping determine
a reliable and practical variation of a patient’s current FRS
and using as much, together with other scores and factors, to
guide and support the nuclear imaging and clinical decision
process in relation to patients, especially for asymptomatic
patients, who may still be at risk of cardiovascular disorders.
At the outset, although the descriptions herein focus on
nuclear imaging, it should be understood that the system and
methods herein described could also function in a similar
manner with respect to other types of diseases or disorders
and any corresponding relevant medical procedures includ-
ing, but not limited to, an echocardiogram, a computerized
tomography (CT) scan, as well as other medical procedures.
[0028] Disclosed embodiments are particularly beneficial
for helping healthcare personnel decide whether nuclear
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imaging is an appropriate risk management procedure for a
particular patient, and providing improved utility when
injecting an order for a procedure and implementing the
order when nuclear imaging is recommended. Embodiments
preferably help care providers evaluate a patient’s FRS in
the context other factors that enable practical and efficient
vet reliable nuclear imaging determinations. It should be
understood, however, that aspects of various embodiments
may be used with scoring systems other than the FRS and for
purposes of making other decisions relative to the care and
overall management of patients at risk of cardiovascular
disorders, such as for determining whether and when to
consider risk reduction interventions, and for cost effective
management of insurance programs.

[0029] For purposes of these descriptions, absent other
express or implied limitation, the “FRS” designation should
be understood to designate any variation of the Framingham
Risk Score, including variations that may arise, in the future,
as well as variations that may not be widely accepted but are
nonetheless evident from this description or other publicly
available descriptions of the FRS and its use.

[0030] Also, the phrases “cardiovascular disorder” and
“risk of cardiovascular disorder” should be understood in a
very broad sense, as any event, disease, injury, disorder or
other condition, including without limitation one or more of
coronary, cerebral or peripheral vascular disease, stroke,
aneurysm or any other potentially serious brain, cardiac
and/or cardiovascular episode, and any appreciable risk of
any potentially serious cardiovascular disorder, respectively.
[0031] With reference to FIG. 1, there is shown a symbolic
representation of a typical preferred embodiment of the
present invention deployed as Nuclear Care Path system 100
employing a middleware system 10 for supporting nuclear
imaging decisions and other clinical decisions by Profes-
sional Caregiver 490 relative to patient 500. System 10 and
the support it provides are both knowledge-based and flex-
ibly-intelligent. The system 10 is knowledge-based in that
guidance and recommendations are provided to Caregiver
490 based on both pre-existing and newly-entered informa-
tion about patient 500. Pre-existing information is gathered
by background processes of system 10 from the data net-
work 400 for the given facility and/or healthcare network,
which is preferably a secure network that stores pre-existing
information in both Electronic Medical Records (EMR) 420
and other memory systems 425. Although FIG. 1 shows only
one EMR system 420, operation of system 10 may include
extraction of relevant medical data from more than one
EMR system 420, wherein the relevant medical data relates
to a particular patient 500 identified by system 10 as
described herein.

[0032] The support provided by system 10 is also flexibly-
intelligent in that it uses an intelligent rules-based approach
to both ask and predict answers to various queries while also
allowing for the information gathered from the facility
network system 400 to be augmented, updated, verified or
overridden by information or discretionary override newly-
entered by Professional Caregiver 490, to the extent permit-
ted by and consistent with a rules-based engine 20 of system
10.

[0033] As depicted by the graphic thought process 491 in
FIG. 1, caregiver 490 is generally trained to consider various
factors A, B, and C in determining whether, when, and how
to perform nuclear imaging procedures relative to patient
500. Although previously gathered information can be help-
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ful, such nuclear imaging determinations are typically ulti-
mately based on the caregiver’s personal observation and on
the answers to questions explored during interviews 492
with the patient 500 or other persons with pertinent knowl-
edge.

[0034] To facilitate and support the caregiver’s nuclear
imaging decisions 30a-30e that have been chosen and tai-
lored according to the present invention, preferred embodi-
ments of the present invention include software referenced
as rules engine 20 that is programmed to provide, generally,
for the determination of such decision points 30a-30e.
Decision points 30a-30e may be more or less numerous than
five decision points in preferred embodiments, but points
30a-30¢ are shown for illustration. In some preferred
embodiments, each such decision point 30a-30e, individu-
ally or together with other ones of decision points 30a-30e,
corresponds to whether or not one or more particular pro-
cedures are indicated. With each such decision point 30a-
30e, system 10 preferably also makes and/or helps the
caregiver decide secondary choices and/or detail steps X, Y,
and/or 7. It should be understood that the graphical repre-
sentation of secondary choices and/or detail steps X, Y, and
7 is an exemplary reference to any number of such second-
ary choices and/or detail steps that are secondary to each of
the corresponding procedural decision points 30a-30e,
which should be followed if the particular corresponding
procedure is or is not indicated.

[0035] In apreferred embodiment, the method and system
10 are provided via computer software, either via the inter-
net, via a stand-alone software application operating inde-
pendently or in connection with other software systems, or
some combination of the two. Some preferred embodiments
may be characterized as middleware in that they are adapted
to interface with and work in conjunction with an indepen-
dent data management system 410 and associated electronic
medical records systems 420 of the corresponding health-
care facility and/or healthcare network 400. It is contem-
plated, however, that any other suitable means, even possi-
bly involving completion of a paper form, may also be used
in alternative embodiments, all to the extent permitted
within a proper construction of the scope of the claimed
invention.

[0036] As well, embodiments may come in any known
form and may also be implemented by hardware, software,
scripting languages, firmware, middleware, microcode,
hardware description languages, and/or any combination
thereof. When implemented with coded programming, it
should also be understood that the program code or code
segments to perform the necessary steps or tasks of alter-
native embodiments may be coded in solid state or may be
stored in a machine-readable medium such as a computer
storage medium. A code segment or machine-executable
step or instruction may represent a procedure, a function, a
subprogram, a program, a routine, a subroutine, a module, a
software package, a script, a class, or any combination of
instructions, data structures, and/or program statements.
Executable code segments may also be coupled to other
code segments or to a hardware circuit by passing and/or
receiving information, data, arguments, parameters, and/or
memory contents, which may be passed, forwarded, or
transmitted via any suitable means including memory shar-
ing, message passing, token passing, network transmission,
etc.
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[0037] With reference again to FIG. 1, a particularly
preferred embodiment is provided in the form of a software
middleware system 10 that is installed and adapted to
interact with the databases, servers, and terminals 480-481
of a data management system 410 of a medical facility or
analogous computerized medical network 400. Such system
10 is implemented and adapted to support caregivers by
guiding them through a series of questions of factors A, B,
and C in order to resolve the particular corresponding
decision point 30a-30e. It should be understood that the
graphical representation of questions (or factors) A, B, and
C is an exemplary reference to any number of questions and
associated algorithmic logic necessary for resolving each
respective decision point 30a-30e, which in turn depend on
the particular decision point and the chosen methodology for
making that decision according to some embodiments. As
depicted by the graphical correlation with the thought pro-
cess 491, some preferred embodiments of such decision
points 30a-30e are somewhat parallel to the various proce-
dural decisions that caregiver 490 is generally trained to
consider in determining whether, when, and how to perform
various procedures relative to patient 500, to aid caregiver
490 in making nuclear imaging decisions relative to care of
patient 500.

[0038] Further, system 10 is implemented and adapted to
support caregiver 490 in methodically advancing through
decision points 30a-30e, while simultaneously running
background processes to mine for additional relevant data
stored in the facility’s EMR system 420. While the caregiver
490 is guided through questions A, B, and C corresponding
to each decision point, system 10 uses the additional relevant
data mined from the EMR system 420 to propose and/or
provide predicted answers to some or all of the same
questions A, B, and C. Once each question for a particular
decision point 30 is completed or otherwise satisfied, gen-
erally either by a new entry by the caregiver 490 or by the
caregiver’s acceptance or validation of the default answers
or the answers derived from the EMR system 420, system 10
then presents final recommended options for ordering
nuclear imaging or training or interventions, or for conduct-
ing further tests or seeking further consult, for the corre-
sponding decision point 30. At various opportunities
throughout the overall process, system 10 allows caregiver
490 to supplement, validate, and/or predict final entries for
each applicable question A, B, and C, as well each secondary
consideration X, Y, and Z.

[0039] Shown in FIG. 1 is a general representation of a
nuclear imaging device for administering cardiac nuclear
imaging to a particular patient 500 subsequent to injecting
an authorized order generated by system 10 into EMR
system 420 for nuclear imaging. Although FIG. 1 illustrates
a particular device, any device capable for use in adminis-
tering cardiac nuclear imaging is contemplated for use with
the disclosed system and method. An acceptable nuclear
imaging device will likely provide a surface 208 onto which
patient 500 can be positioned during operation of the nuclear
imaging device 200. In some preferred embodiments, sur-
face 208 is a horizontal table-like structure. Surface 208 may
also be configured to be adjustable such that the position of
the patient may be modified during implementation of a
nuclear imaging procedure. In other embodiments, instead
of a horizontal surface, some nuclear imaging devices may
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incorporate a chair (not shown) in which patient 500 sits in
a generally more upright position during operation of the
nuclear imaging device 200.

[0040] Also incorporated in the nuclear imaging device
are one or more image capture devices such as gamma
cameras 210. The gamma camera 210 may be fixed in
position at a particular angle on the nuclear imaging device,
with the position being best-suited for capturing images of
a particular portion or region of the body of patient 500.
Other nuclear imaging devices may incorporate gamma
cameras which are moveable, for instance in a rotatable
motion, around patient 500, while capturing images of
patient 500 during operation of the nuclear imaging device
200, such as those devices which perform single-photon
emission computed tomography (SPECT).

[0041] A typical nuclear imaging scan consists of several
components. Nuclear material (commonly referred to as a
radiotracer) that emits gamma rays is injected into a patient
500. When using a nuclear imaging device 200 such as that
illustrated in FIG. 1, the patient 500 would lie on a flat
horizontal surface or table 208. As previously indicated,
other nuclear imaging devices may incorporate a chair-type
device (not shown) wherein the patient 500 is scanned in
more of a seated position instead of lying prone on a table
208. In some embodiments, including when the nuclear
imaging procedure is a SPECT scan, the table 208 may be
moveable in order to appropriately position the patient 500
for capturing images with the gamma camera 210. The
gamma camera 210 is able to capture functional images of
the patient’s internal biological structures (e.g., the heart
and/or associated portions of the circulatory system) for the
purpose of evaluating the present condition of the patient
500.

[0042] Integrated with system 10, in conjunction with
nuclear imaging device 200, is an associated authorization
system 202 which includes a mechanism for preventing the
operation of the nuclear imaging device without authoriza-
tion. In some embodiments, the mechanism may be repre-
sented by device lockout 204. Device lockout 204 may
include an electronic mechanism incorporating a disconnect
panel 212 in network communication with system 10,
wherein disconnect panel 212 may include a circuit breaker
or other similar device which is in-line with the typical
power supply system for providing power to operate nuclear
imaging device 200. Disconnect panel 212 can be used to
interrupt the flow of electricity for operating nuclear imag-
ing device 200 such that nuclear imaging device 200 is not
operable without prior authorization. It will be understood
that disconnect panel 212 may be incorporated and inte-
grated with nuclear imaging device 200 in some embodi-
ments while disconnect panel 212 may also be a separate
component in other embodiments.

[0043] A default mode may be that nuclear imaging device
200 is not operable due to lockout device 204 interrupting
the flow of electricity for powering nuclear imaging device
200. Upon authorization of a procedure in which nuclear
imaging device 200 is intended to be used as a diagnostic
tool with respect to a particular patient, system 10 is
operable to communicate a signal via secure network con-
nection 206 which disables device lockout 204, restoring the
flow of electricity to nuclear imaging device 200 such that
nuclear imaging device 200 is usable for its intended pur-
pose. Network connection 206 may be a wired or wireless
connection.
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[0044] 1In other embodiments, device lockout 204 may be
amechanical mechanism for preventing operation of nuclear
imaging device 200 without prior authorization. In such
other embodiments, disabling of device lockout 204 so that
nuclear imaging device 200 is only operable for performing
an authorized imaging procedure on a particular patient may
be implemented by a designated device operator.

[0045] When an order for a nuclear imaging procedure for
a particular patient 500 is injected into EMR system 420 by
system 10, an authorization indication will allow operation
of nuclear imaging device 200 for implementing nuclear
imaging for a particular patient 500. In some embodiments,
system 10 is connected to authorization system via a secured
network connection 206 such that authorization to perform
a nuclear imaging procedure utilizing nuclear imaging
device 200 is sent by system 10 via secured network
connection 206 to nuclear imaging device 200. Once autho-
rization is received, device lockout 204 essentially unlocks
nuclear imaging device 200 such that nuclear imaging
device 200 is operable to perform the nuclear imaging scan
as ordered. The secured network connection 206 can be
either a wired configuration or a wireless configuration. For
those embodiments in which device lockout 204 employs a
mechanical mechanism for preventing operation of nuclear
imaging device 200 without prior authorization, a desig-
nated device operator may physically unlock nuclear imag-
ing device 200 prior to performing an authorized nuclear
imaging procedure.

[0046] When system 10 recommends a nuclear imaging
procedure for a particular patient 500, and the recommen-
dation 1is accepted such that an order is injected into EMR
system 420, system 10 generates the order such that it
contains all relevant data extracted from EMR system 420
which is used by system 10 to generate the recommendation.
Furthermore, and based on the relevant data used for making
the determination that nuclear imaging is appropriate for a
particular patient 500, system 10 provides justification for
the order on the face of the order which justifies the
necessity for the nuclear imaging procedure. Justifications
included on the order are based in part on and in compliance
with published clinical guidelines and the determinations
made by system 10 as illustrated in the flowcharts illustrated
in FIGS. 3 and 4.

[0047] Preferably, to provide evidence-based caregiver
support for clinical decisions, system 10 is further adapted
to provide the same access to clinical information, support,
and resulting recommendations and to facilitate and enable
final order execution relative to a particular patient 500
through multiple convenient terminals 480, 481, which are
conveniently located in close proximity to multiple possible
points of care for patient 500. System 10 preferably uses the
existing information systems of facility 400 to interface with
the facility EMR system 420 and data management system
410. The integration with network 400, more particularly
integration with one or more EMR systems 420, preferably
allows system 10 to safely locate, interpret, and extract
patient data from electronic medical records 420, reformat
the patient data through normalization of the extracted
patient data into a form usable by system 10, and to create
readily-executable ordering options for caregiver 490 to
consider, revise, reject, or approve relative to nuclear imag-
ing or otherwise in the management of the patient’s cardio-
vascular conditions.
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[0048] One particular aspect relating to the operation of
system 10 involves the interaction of physician 490 with
system 10 through a graphic user interface (GUI) 300.
System 10 provides condition-specific data extracted from
one or more EMR systems 420 for purposes of creating
orders for procedures, more particularly nuclear imaging
procedure orders.

[0049] Data extracted from EMR 420 may be of several
types, including structured data or unstructured data.
Unstructured data may be in the form of free text or scanned
documents and images. Moreover, data may be retrieved
from more than one source, including multiple EMR sys-
tems 420. For example, structured data may include labo-
ratory test results and the like. Free-text data could include
written chart notations entered by a physician or technician
490 during patient encounters. Images could represent any
type of data in a document which is scanned into EMR
system 420 for inclusion into the records of a particular
patient 500.

[0050] In order for system 10 to utilize all forms of data
which might be relevant with respect to which care path, if
any, is recommended for a particular patient 500, the data
must be converted into a format which can be used by
system 10 through the process of semantic normalization.
For instance, during the normalization process, domain-
specific terms are assigned to structured data for use with
system 10.

[0051] For structured data stored in EMR 420, there is
likely a medical code assigned to the data in accordance with
specific medical coding protocols, such as Current Proce-
dural Technology (CPT), Logical Observation Identifiers
Names and Codes (LOINC), International Classification of
Diseases (ICD), Systemized Nomenclature of Medicine-
Clinical Terms (SNOWMED-CT), RxNorm, and the like. As
would be understood by those of ordinary skill in the art, the
medical code assigned to particular data is dependent on the
type of data that is represented. Structured data is readily
accessible by system 10 from EMR system 420.

[0052] For other types of data that are not stored as
structured data in EMR system 420 such as free text or
scanned documents, a medical code may also be assigned
after the substance of such data is extracted by system 10.
For example, in order for system 10 to extract unstructured
data in the form of free text from EMR 420, system 10
employs natural language processing (NLP) to extract and
render the data into a format that is readily usable within
system 10. Candidate sentences are extracted from the text
using certain keywords. Once a candidate sentence is
extracted from the text of data stored in EMR system 10, the
candidate sentence is then sent to and processed by a NLP
engine using techniques such as tokenization, part-of-speech
marking, named entity recognition, and the like. With
scanned documents or images, system 10 extracts the data
from the scanned document or image by employing optical
character recognition (OCR) techniques on the document or
image to convert the image data to free-text data. Then, in
accordance with the process described above, the informa-
tion contained in the newly created free-text data is extracted
by system 10 through the use of natural language processing.
[0053] After completing this process and natural language
processing is used in order to convert the free-text data to
structured data, this structured data may then be normalized
for use in system 10, as described in more detail below. As
described above, with respect to scanned documents or
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images, the first step is for system 10 to perform OCR in
order to extract the data in the scanned or image format and
to convert this data type into free text. During OCR, the
scanned document or image is pre-processed in order to
enhance readability. Once this OCR step is completed, the
resulting free-text data can be converted to structured data as
previously described using natural language processing.
[0054] In the process of extracting usable relevant data
from EMR system 420, such data is normalized by system
10. Data extracted from EMR system 420 by system 10 is
necessarily in the default format assigned by EMR system
420. Examples of default EMR formats include JavaScript
Object Notation (JSON) and Extensible Markup Language
(XML). The JSON or XML data is generally structured as a
tree structure such as a key to value data structure. A
two-step data normalization process is employed by system
10 in order to convert the data extracted from EMR system
420 to a format which is usable and understandable in the
context of system 10.

[0055] The first step in normalizing the extracted data
involves structural normalization. More particularly, struc-
tural normalization involves understanding which field or
key contains which data. So that system 10 can utilize the
data extracted from EMR system 420, the data is configured
into a data structure which allows system 10 to store the data
values extracted from EMR system 420. Some extracted
data values will be modified by system 10 in the structural
normalization step. For instance, an order placed by physi-
cian 490 may have a status of “PENDING” in one particular
EMR system 420. In another EMR system 420, such a
pending order may have a status of “NOT DONE.” When
this data is extracted by system 10 from each of the EMR
systems 420, each status will be converted to “PENDING”
in the format which system 10 stores such data values.
[0056] Continuing with the normalization of the data
extracted from EMR system 420 by system 10, the second
step involved is semantic normalization. In the semantic
normalization step, meaning is derived from the data
extracted by system 10 based on data type. For instance,
when a data value extracted from EMR system 420 is a test
result, the meaning of such test result is deciphered by
system 10 during semantic normalization in order for the test
result to play a meaningful role in determining the appro-
priateness of instituting a further care path for a particular
patient 500. As an example, if the test result indicates levels
of low-density lipoprotein (LDL) for a particular patient
500, this test result might be referenced in EMR system 420
as “LDL calc,” “LDL in serum,” or other similar data values.
In order to be effective when determining the appropriate-
ness of a further care path, system 10 must recognize that
each of these designations refers to the same test result. To
that end, system 10 assigns medical codes to all data
extracted from EMR system 420. These medical codes may
be from any known medical coding system including, but
not limited to, ICD-9/ICD-10, LOINC, SNOMED-CT, CPT,
RxNorm, and others.

[0057] With particular application to the NUC care path
module, another layer is involved which understands what
the decision support inputs are in relation to the data
extracted from EMR system 420 by system 10. As a non-
limiting example, if a particular patient has been previously
diagnosed with hypertension, such diagnosis will appear in
that patient’s records stored in EMR system 420, wherein
the diagnosis might appear as “HasHypertension” in the
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patient’s electronic medical records. This indication of
“HasHypertension” appearing in the patient’s electronic
medical records is referred to as a data point which contains
either True or False. The data point is configured to look for
certain medical codes and statuses. In this particular
example, “HasHypertension™ searches through the normal-
ized data for problems or conditions with SNOWMED
codes related to the particular condition. In addition, the
“HasHypertension” data point ensures that the problem or
condition is designated as “Active.”

[0058] Such data points are then fed into a binary decision
tree whose leaves are either a recommendation to act or to
do nothing. The recommendation may include a recommen-
dation that a particular procedure such as nuclear imaging,
echocardiogram, or the like, be performed on the particular
patient. Importantly, when a particular care path is recom-
mended for a particular patient, the leaves not only contain
a recommendation but also an explanation for why a par-
ticular procedure is recommended, using an amalgam of the
patient’s data and clinical guidelines. For instance, a rec-
ommendation for a particular patient might read as follows:
“Patient is >65 years old (75 years), had a recent PCI
(Percutaneous Coronary Intervention) on May 1, 2014 with-
out an echocardiogram follow-up and is thus eligible for
stress testing.” As can be readily understood by the format
of this particular example recommendation, this is not only
a recommendation created by system 10 for a particular care
path directed for a particular patient 500, but system 10 also
incorporates into the recommendation the relevant patient
data extracted from EMR system 420 by system 10 as well
as a justification for the recommendation applying clinical
guideline-based rules as to why system 10 recommends the
particular care path for the particular patient 500.

[0059] Having the ability to utilize all types of data stored
in EMR system 420 is important for a deteimination of the
proper care path for a particular patient 500 utilizing system
10. For example, when a particular patient 500 undergoes an
echocardiogram (ECG), the technician or physician 490 may
record a value of the measurement of left ventricular ejec-
tion fraction in the patient’s records which is entered as free
text. In order to gain a more complete understanding of the
condition of a particular patient 500, a physician 490 would
likely want to observe the progression of the LVEF mea-
surements for the patient 500 over time. As part of providing
a complete snapshot of the patient 500 for proper evaluation
by physician 490 in the present example, system 10 would
extract all of the data related to LVEF measurements from
any such free-text documents, and using natural language
processing, this data can then be converted to discrete data
elements usable by system 10 through normalization of the
data. Once normalized, system 10 can then display the LVEF
data over time in a graphical format on GUI 300 which
readily indicates the progression of the patient’s condition
over time for a more efficient and effective evaluation of the
particular patient’s condition by physician 490.

[0060] A general method according to preferred embodi-
ments includes, generally, determining whether a particular
patient 500 meets criteria for whether nuclear imaging is
suitable and appropriate, providing an option for the care-
giver to order as much if appropriate criteria are met (or,
alternatively, if exclusion criteria are not met), and evalu-
ating and making further ordering options available depend-
ing on whether or not nuclear imaging 1s likely to be
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appropriate based on calculated values for FRS and other
scores and factors, some of which closely follow published
clinical guidelines.

[0061] The method preferably includes extracting all rel-
evant data from one or more EMR systems 420 stored in a
patient’s records, as described above, in order to determine
whether that patient 500 meets the criteria for appropriate-
ness of having nuclear imaging performed or, alternatively,
whether the patient 500 meets the criteria for NOT having
such imaging performed. Once the health care provider 490
has entered and/or approved sufficient data entries for the
system to complete a recommended order option, the data
processing system then analyzes the data and corresponding
selections and advises the health care provider 490 as to
whether or not nuclear imaging is appropriate, or whether it
is discretionary.

[0062] In between inappropriate and appropriate, pre-
ferred methods also present options whenever the appropri-
ateness would be considered discretionary to the healthcare
professional and/or an oversight review board or the like.
Preferably, the health care provider 490 and/or board in
discretionary cases are provided with a list of the factors
weighing for and against appropriateness and, the decision
maker is automatically prompted to enter his or her rationale
for exercising such discretion one way or the other.

[0063] If the rules engine projects that nuclear imaging is
suitable and appropriate, that is, if the patient 500 meets the
rules engine criteria, the health care provider 490 is pre-
sented with the option to execute an order for a nuclear
imaging procedure for that patient 500. Once the caregiver
approves the corresponding ordering option for a particular
patient 500, the system initiates an ordering procedure
which automatically drives scheduling and billing processes.
In either clear case, if it is determined that nuclear imaging
procedure is appropriate or, alternatively, not appropriate,
then the analysis proceeds as illustrated in the FIGS. 3 and
4.

[0064] Although various scores and factors may be imple-
mented in accord with the present invention, FIGS. 2A-2E
provide an outline of the factors and resulting scoring for
determining the FRS of the preferred embodiment, which is
slightly different for a male or female patient 500 in accor-
dance with the teachings of the present method. During
analysis of data for determining FRS and consequential
decisions, a variety of factors are assessed. More particu-
larly, there are three levels of Nuclear Appropriateness
determined by the more preferred embodiments. For asymp-
tomatic patients 500, the actions can be Appropriate (7-9),
Uncertain (4-6), and Potentially Inappropriate (1-3). The
system is preferably programmed to present an option to
order nuclear imaging tests for the patient 500 for both
Appropriate and Uncertain levels, according to an Order
Approval template (FIG. 8). Whereas, if a patient 500 is
deemed Potentially Inappropriate by the NUC module care
path, there will be no Accept or Decline buttons presented in
the NUC section on the Order Approval template.

[0065] Although not discretely shown in the flowchart of
FIG. 3, the start box 199 also entails an initial factor of
assessing whether the patient 500 is symptomatic of cardio-
vascular disorder. If the patient 500 is symptomatic, then the
rules engine 20 will automatically shortcut the rest of the
rules-based assessment by immediately prompting the
option to order nuclear imaging. As will be evident, such
initial factor may be practically achieved at other procedural
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levels simply by not initiating the nuclear imaging care path
unless the patient 500 is asymptomatic.

[0066] Returning now to FIG. 3, the schematic provided
shows additional steps of an order approval protocol devel-
oped in accordance with the teachings of the present method.
The method proceeds along one of two major paths, depend-
ing upon whether a given patient 500 has been initially
selected for inclusion or exclusion in the SCA protocol.

[0067] System 10 automatically extracts all relevant data
(including age, gender, smoking history, systolic blood
pressure, hypertension medications, HDL and Total Choles-
terol) from EMR system 420 which is necessary for deter-
mining a Framingham Risk Score and calculates a Framing-
ham Risk Score for the patient 500. The relevant data may
be in the form of structured data or unstructured data. If
unstructured data, system 10 operates to convert such data to
structured data utilizing natural language processing and/or
optical character recognition depending on if the unstruc-
tured data is free text or images. If a piece of the required
data is not found in the patient’s chart, a message will be
displayed at the bottom of the Symptoms template to indi-
cate what is missing, such as by presenting the message,
“NO DATA for: HDL.” Such a message is visible at the
bottom of the symptoms pop-up window shown in FIG. 7.

[0068] Since age and gender are required patient data and
vital signs are required to be filled out before the Symptoms
template is opened, the most common piece of data to be
missing is lipid information for HDL and Total Cholesterol.
If the data is not available, the care path will not process and
the provider 490 will see a message “Value is required” and
“Framingham Risk” on the Order approval template. The
Framingham Risk field will display what data is missing for
the calculation.

[0069] The NUC (Nuclear Appropriateness) care path
module may also require input by the provider 490 to finish
processing. Possible data entry questions for the NUC care
path include if the patient’s most recent MPI or Cath was
abnormal, and if the patient’s ECG is interpretable. The data
entry pop ups for Abnormal MPI or Cath provide a link for
easy reference to the patient’s MPI or Cath history so the
provider 490 can answer the question without needing to
leave the SureCare Approval template.

[0070] As soon as the provider 490 clicks the answer to the
question, the NUC care path will reprocess using the new
data. If further data entry is required, the pop up will display
again with the new question. If there is no further data entry,
the care path will complete processing and display any
recommended actions.

[0071] Some preferred embodiments provide much of
such functionality through a middleware system 10 such as
graphically illustrated in FIG. 1, which is adapted to inter-
face with the data management systems 410 to guide phy-
sician caregiver 490 through a care decision process involv-
ing decision points 30a4-30¢ and related logic that are
characteristic of rules engine 20. Through interaction with
the network 400 of a healthcare facility or analogous health-
care network, system 10 prompts and causes guidance
screen displays to be provided to caregiver 490 on any of the
available secure terminals 480-481 of facility network 400,
while simultaneously mining additional pertinent data from
the corresponding EMR database 420 through interaction
with the related management and processing systems 410,
430, 435, and 440.
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[0072] System 10 preferably operates, and physician care-
giver 490 accesses as much, through a graphic user interface
home screen (or “HomePage™) 300 and related secondary
screens, pop-ups and the like that are merged with other
interactive data presentations characterized by the network’s
data management system 410 and its associated EMR sys-
tem 420.

[0073] As represented in the screen shots of FIGS. 5-8, a
particularly preferred implementation of the present inven-
tion is adapted through software technicians to interface
with a popular knowledge-based data management system
410 and/or an associated EMR system 420 such as one
commercialized under the “NextGen” product designation.
Accordingly, a preferred embodiment of a HomePage 300
for system 10, as shown in the attached FIG. 5, includes
various fields, windows, toolbars and the like (collectively
“regions”) that are dictated entirely by the data management
system 410 and that retain the same appearance as is familiar
to users of such system 410, such as is the case with EMR
menu bar 411 which is the uppermost section of HomePage
300. In contrast, other regions of HomePage 300 are given
an appearance and corresponding functionality that is dic-
tated by System 10 and its rules engine 20, such as is the
case with a preferred rules engine index bar 310 that is
displayed immediately under menu bar 411. Although auto-
mated integration is feasible in alternative embodiments, the
integration of middleware system 10 with EMR system 420
and other components of network 400 is preferably per-
formed by specialized software technicians during an initial
integration and discovery process that adapts system 10 such
that its various fields, look-ups, and parameters are mapped
to integrate with the particular data structure and discrete
data points of facility network 400. During such initial
integration and discovery process, additional unique data
accommodations are also created to the extent that required
data points are missing from system 400 but are otherwise
called for by the logic of system 10.

[0074] When middleware system 10 is integrated with
EMR system 420 and related systems of network 400,
system 10 is then ready for use by caregivers 490—also
referred to interchangeably as physicians, providers, and/or
patient care technicians (PCT) 490. As a result of the
integration of system 10 with EMR system 420, system 10
can be launched from directly within the interface of EMR
system 420. For example, after successful integration of
system 10 with EMR system 420, a clickable icon will
appear with the display of EMR system 420 which, when
selected by PCT 490, will begin operation of system 10. In
operation, system 10 then fully supports caregiver 490
through the process of conducting interviews 492 and mak-
ing related observations in order to determine what proce-
dures are indicated and/or should be recommended for
patient 500, as well as how, when, and other details relating
to performing the procedures. Such diagnostic process is
guided through use of HomePage 300 by PCT 490, while
background processes of system 10 are mining the EMR 420
for all of the pertinent data relating to the particular patient
500 and the particular condition which is being evaluated.
For example, when determining whether nuclear imaging is
appropriate at a given time for a particular patient 500,
system 10 will extract only data from EMR 420 which are
relevant for system 10 to evaluate such appropriateness.
Moreover, system 10 will extract all of such data that is
stored within EMR system 420 which are relevant to deter-
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mining the appropriateness of nuclear imaging for a par-
ticular patient 500, whether that data be structured, free text,
or in an image format.

[0075] To use system 10 in such preferred embodiments,
provider 490 uses one of the available terminals 480, 481
that are networked with facility network 400, preferably
during each substantive encounter with patient 500. To
commence such a use, PCT 490 clicks appropriate icons and
the like to either create a new HomePage 300 that corre-
sponds to patient 500, or opens a pre-existing one if it
already exists on network 400. Alternative embodiments
automatically locate and/or create such HomePage 300
based on intelligent machine recognition of the presence of
patient 500 or a personal identifier accompanying patient
500 (such as a hospital wristband or a unique RFID tag
assigned to patient 500).

[0076] In the process, PCT 490 is preferably prompted to
first designate the type of patient encounter (i.e., “Office
Visit”) being conducted, by entering appropriate data in
region 330 of HomePage 300. In the process, for a routine
follow-up visit, preferred embodiments offer the streamlined
options for the PCT 490 to just designate a focused type of
follow-up patient encounter in order to streamline and
simplify the level of prompting provided by system 10, and
to watch for and make recommended procedure responses,
to be in line with typical abbreviated follow-up visits with a
patient 500 who has suffered or is thought to be at risk of
suffering from a more particular type of cardiovascular
episode.

[0077] Either through prompts or natural progression,
PCT 490 then begins gathering vital signs for patient 500
and 1s guided through that process by clicking the “Vital
Signs” button 321 of HomePage 300, which then causes a
pop-up window to prompt and guide PCT 490 through the
process of gathering such vital signs as are required for rules
engine 20 to make its recommendations. Until sufficient vital
signs have been gathered and/or entered in such Vital Signs
pop-up window, the “Vital Signs” button 321 is displayed in
a manner to indicate that additional action is required under
that pop-up window, such as by displaying the button 321 in
the color red or with another alert condition.

[0078] Whenever the Patient’s HomePage 300 is created
or accessed by system 10 and/or PCT 490, the rules engine
20 of the middleware system 10 is preferably adapted to
automatically process the data populated and/or entered in
the various fields on HomePage 300, in order to intelligently
guide and support PCT 490 through both processes and
related ordering processes, to determine and propose rec-
ommended ordering details and to cause the ordered proce-
dures to be executed when validated (i.e., approved) by PCT
490. Throughout operation of system 10 during each patient
encounter, system 10 is also adapted to create and retain (or
to cause other processes to create and retain) hidden history
files and/or hidden audit trails to enable caregiver 490 or
network management or other interested parties to later
conduct retrospective and/or systemic evaluations of the
care of patient 500 and/or the quality of care being provided
through PCT 490 or any particular grouping of caregivers,
such as through the entire facility network 400.

[0079] More particularly, specific steps of a preferred
embodiment (the “NUC module”) are illustrated in the
flowcharts of FIGS. 3 and 4, with reference to the screen
shots shown in FIGS. 5-8, which present the decision tree
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structure for determining appropriateness of nuclear imag-
ing as a further risk assessment.

[0080] Further alternative embodiments include additional
patient test results, the preparation of the patient 500 for a
better appropriateness decision, and/or the possible option to
proceed with ordering appropriate consult to determine
whether Radio Frequency Ablation (RFA) or other interven-
tion should be implemented if the risk levels are too high for
administrative guidelines for the patient population.

[0081] One particularly preferred alternative embodiment
capitalizes on the SureCare software product (referred to as
the “SureCare System” for purposes of this description),
which is commercially available in the United States as of
the filing date of this description. Such an embodiment may
also use the SureCare software product to enable refined and
alternative methodologies and systems that improve the
information gathering aspect of preferred embodiments, as
well as various patient preparation, counseling and other
aspects of preferred embodiments.

[0082] The preferred NUC module embodiment is sche-
matically described as beginning at Step 199 as shown in
FIG. 3. It should be understood, however, that preferred
embodiments further include installation and set-up of such
procedural module in a manner that functionally interfaces
with a facility’s preferred process control systems (for
reference, the “Pre-Existing Data Management System”)
and, preferably, its EMR system 420. Such installation and
set-up preferably are performed by expert technicians in a
series of meetings and discussions with facility management
in order to discover the detail needs of the Pre-Existing Data
Management System and to generally achieve a smooth
integration with such pre-existing systems. Particular pre-
ferred embodiments are tailored for easy interface with
popular data management EMR systems 420 such as that
commercialized under the “NextGen” designation, which
uses a “knowledge-based model” with standardized data
mapping to discrete data points, while customization may be
needed to add any data points that are missing from the
Pre-Existing Data Management System. Hidden data tem-
plates, audit trails, and other expedients may be provided to
enable such initial set-up as will be evident to those of skill
in the art.

[0083] Once the overall system has been integrated with
other systems as desired, the process for a given patient 500
then begins at Step 199, which may correspond to a home
screen. Upon initiation of the home screen process at Step
199, particular designators are selected or entered to identify
the patient 500 and whether the patient 500 is a new patient
or a prior patient. The identification process may be done
through keyboard entry or through barcode wanding or the
like, preferably whatever identification technique is custom-
ary for the existing EMR System.

[0084] Then, assuming the patient 500 is already a patient
in the EMR System 42, once the patient 500 is identified
with sufficient specificity, background data queries auto-
matically begin gathering and periodically updating discrete
data points of relevant information from the Pre-Existing
Data Management System. Patient data is extracted from the
existing EMR system 420 based on data mapping done by
technicians in a pre-installation process. As data is gathered,
discrete data elements are accessed, formatted, and verified
by an automated process and stored in a specific data
collection linked to each encounter. Any persistent flags
(like exclusions) are stored in a data collection outside of
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encounter specific data. Any calculated data points, such as
the patient’s FRS, are processed by the automated data
gathering process once adequate information is available.
Throughout preferred use, the data table is then repeatedly
and/or continuously being updated by background processes
to ensure new data is not entered in the EMR system 420.
[0085] Preferred embodiments of system 10 extract only
the data which are relevant to the condition being evaluated
with regard to a particular patient 500. For example, when
determining the appropriate care path with respect to a
nuclear imaging protocol, only data related to cardiovascular
disorders which are or could be considered relevant to the
determination of the appropriateness of nuclear imaging is
extracted from EMR system 420. Such data are related to the
determinations made by system 10 as illustrated in the
flowcharts shown in FIGS. 3 and 4. These determinations,
using discrete data elements extracted from EMR system
420 by system 10, are based in part on relevant published
clinical guidelines with respect to prior test results, proce-
dures, and evaluated conditions, and on particular modifi-
cations to those guidelines as directed and indicated in the
data used by system 10 for making the determinations
reflected in the flowcharts of FIGS. 3 and 4. In other words,
any determinations made by system 10 with respect to
whether nuclear imaging is appropriate for a particular
patient 500 are based on a combination of both published
clinical guidelines standards as well as more particular
standards which are related to but not specifically addressed
in the clinical guidelines. For example, whereas the pub-
lished clinical guidelines take into account the date of the
most recent of certain cardiac procedures on an individual
basis, system 10 not only considers this data but also
compares the dates of each cardiac procedure discussed in
the published clinical guidelines for making a determination
with respect to the appropriateness of nuclear imaging for a
particular patient 500. Moreover, in some instances, system
10 considers date data regarding additional cardiac proce-
dures which the published guidelines do not address. Thus,
the determination of whether nuclear imaging is appropriate
for a particular patient 500 as recommended by system 10 is
based on more data which results in a more thorough
evaluation of the condition of and risk to a particular patient
500.

[0086] Preferred embodiments of the NUC care path may
also prompt the care provider 490 for additional input for
data that relies on the provider’s assessment of the patient’s
specific condition (normal/abnormal test results, optimal
medical therapy levels) that the automated data gathering is
not able to determine reliably. Preferably, these prompts
only occur if the care path requires the data to continue
processing.

[0087] During the course of processing beyond Step 199,
additional data is then entered by the caregiver when
prompted, based on observation or reasonable knowledge,
and still further discrete data points are derived by the rules
engine for completion of all aspects of the process. While at
least one preferred embodiment processes the rules engine in
an independent server with encrypted access, data from the
embodiment’s local table is preferably de-identified before
being sent for processing in the rules engine server.

[0088] From initial Step 199, a series of query steps are
executed, preferably presented in serial fashion, even though
the logic of the corresponding rules engine has an arguably
non-serial character. The successive queries serve to gather
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sufficient information and/or to verify information already
on file in the facility’s or network’s EMR system 420, as
gathered by the background process mentioned previously.
The extent of information required to be gathered or verified
is determined by the software rules, as may be customized
for specific classes of users and/or specific users, although
the sufficiency is based on the object of ultimately recom-
mending and/or completing the ordering process for the
relevant imaging procedure, to be described further below.
While the absence of sufficient data may be characterized as
a “Stop” or an “Uncertain” condition, preferred embodi-
ments allow procession of other query steps despite the
“Stop” or “Uncertain” conditions, although it should be
understood that ultimate results cannot be reached without
remedying such “Stop” or “Uncertain” conditions.

[0089] Implementation of the process described above is
carried out through software driven query sessions involving
the health care provider 490. The software provides evi-
dence-based clinical information at the point of care. The
rules engine associated with the software extracts patient
data from a corresponding EMR system 420 (and/or com-
parable database or network of databases) and creates sug-
gested orders for physicians 490 to consider in the manage-
ment of heart and vascular disease (as an example). The
patient care technician 490 will typically access a symptoms
information window for each patient encounter by selecting
a “Symptoms” tab on the system user template. The Symp-
toms window would include questions to ask the patient
500; the first may relate (for example) to claudication
symptoms and the rest to sleep patterns (for example) or the
like. If additional data is needed for any of the care paths, the
Symptoms window will display a field to insert the missing
data.

[0090] When the provider 490 opens the patient’s home
page 300 within the system 10, the rules engine 20 will have
automatically processed the data entered and if orders are
recommended, or if data entry is required by the provider
490, a color-coded indicator will appear on the home page
300. Selecting this indicator will launch the specific system
approval template 370. Additionally, if there are orders
recommended or data entry required, the provider 490 will
be redirected automatically to the approval template 370 the
first time they open an order plan template. There is also
preferably a link provided on the order plan template that
allows access to the approval template 370 at any time.
[0091] The approval template has a section for each of the
active care paths. The criteria used to generate recommen-
dations can be viewed by clicking the “Criteria” links in
each care path section or on the care path window templates
(the NUC for example). If any orders are recommended, a
brief description of the order will be provided in an action
field, the status will be “Waiting Review” and there will be
the opportunity to select either “Approve” or “Decline” the
order for each care path. Some care paths may be slightly
different as they do not suggest any order actions and instead
provide a recommendation for patient care considerations.
Alternate wording for “Accept” or “Decline” such as
“Approve” and “Ignore,” respectively, may be used for the
care path buttons of the approval template. Any other word
or words with similar meanings may be substituted in order
to give the provider 490 an opportunity to make a decision
regarding the care path.

[0092] The provider 490 can “Accept” or “Decline” the
recommendation as appropriate. Accepting an action will
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automatically add the recommended orders to the patient’s
order plan for the encounter. Once an order has been
accepted and entered, the “Accept” and “Decline” selections
will no longer be displayed for that care path. An indicator
of the order status will show on the corresponding care path
section on the system template. When an order is declined,
the system will prompt the provider 490 for a reason with a
data input window. The NUC care path (as an example)
provides two ways to decline an order: “Decline” and
“Exclude”. The “Exclude” selection also declines the order,
but will display a data input window with choices to describe
why the patient 500 is being excluded from being processed
by the care path. Selecting one of these choices will mark the
patient’s record with an absolute exclusion so the care path
will not process on following patient visits. The provider
490 can also enter absolute exclusions by opening the
appropriate care path template window and selecting one of
the exclusions listed. If the provider 490 chooses to return to
the order plan as a manner of leaving the Approval template,
without either accepting or declining all of the recom-
mended actions, they will be alerted that they will not be
able to finalize and submit through the checkout template
until all the outstanding suggested orders are addressed. All
of the assessments need to be addressed before the provider
490 will be able to finalize the encounter.

[0093] The Approval template provides access to the care
path template windows by selecting the “Launch” link
provided. Once launched, the NUC care path may (for
example) require the provider 490 to answer questions about
the patient’s current status. If any specific data is required
from the provider 490, the software system then opens a
query window that allows the provider 490 to answer the
question with a single step. Processing continues automati-
cally as the provider 490 answers the various queries pre-
sented. For example, the first question a provider 490 may
be required to answer is if the patient 500 is on optimal
tolerated medical therapy. If this question is answered “Yes”
the patient’s record will be flagged and the question will not
be asked in future visits. Correspondingly, the result of this
answer will be a data element within EMR system 420
which is accessible to system 10 for possible data extraction
relating to future patient encounters. If it is answered “No”
the question will be asked again if appropriate.

[0094] A further detail question that the provider 490 may
need to answer to complete the processing of the NUC care
path is the patient’s NYHA class. The system 10 will check
the NYHA Class field on the vital signs template and only
prompt the provider 490 for an answer if there is nothing
entered in the field for the current encounter. Again, when an
answer is selected, the care path will automatically continue
processing. The NYHA Class query window will typically
require documentation for each patient visit so that the care
path system has the data to complete processing. In addition,
the system provides (through a selectable information button
on the software display) further information regarding the
NYHA Class criteria.

[0095] As a further example of the decision making opera-
tion of the system, if the provider 490 believes that the most
recent Echo test provided a reliable left ventricular ejection
fraction (LVEF) measurement, then the selection tree set
forth in the flowchart of FIGS. 3-4 may be launched. As part
of this process, the provider 490 may select an EF history
link to bring up a list of the patient’s previous LVEF
measurements. When a new LVEF value is selected from the
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list, the care path will automatically reprocess using the new
value and may alter the suggested order based on the new
information. As described above, system 10 may incorporate
past and presently determined LVEF measurements into an
easily understood display (e.g., a graphical display over
time) presented on GUI 300. This display is intended to be
indicative of the progress of the condition of patient 500
over time, whether that progress is improving, declining, or
some other trend. Accordingly, the easily observable and
understandable display within the output of system 10 will
help determine whether nuclear imaging is appropriate and
recommended for a particular patient 500.

[0096] Alternative embodiments of certain aspects of the
present invention also include adaptations of the methods
and systems described above, such as adaptations to be used
for providing a straightforward method and system by which
a healthcare professional can determine whether, when, and
how any particular type of test or medical procedure is
indicated for any particular patient 500, or for any patient
500 of a particular class of patients. Such alternatives
include comparable adaptations such that adoption of the
test or procedure will likely be accelerated among health
care providers who are not intimately familiar with the
health care issue being addressed or the process involved.
While the various particular steps that would be useful in
determining whether a patient 500 is suited for a procedure
will vary depending on the specific procedure, it will be
evident to those of skill in the art whether and how systems
and methods of the present method can be adapted for use
with any particular procedures, or groups thereof.

[0097] Specific details are given in the above description
to provide a thorough understanding of various preferred
embodiments. However, it is understood that these and other
embodiments may be practiced without these specific
details. For example, circuits or processes may be shown in
block diagrams in order not to obscure the embodiments in
unnecessary detail. In other instances, well-known pro-
cesses, algorithms, structures, and techniques may be shown
without unnecessary detail in order to avoid obscuring the
embodiments.

[0098] Implementation of the techniques, blocks, steps,
and means described above may be done in various ways.
For example, these techniques, blocks, steps, and means
may be implemented in hardware, software, or a combina-
tion thereof. For a hardware implementation, the processing
units may be implemented within one or more application
specific integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), pro-
grammable logic devices (PLDs), field programmable gate
arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, other electronic units designed to perform
the functions described above, and/or a combination thereof.

[0099] Also, it is noted that the embodiments may be
described as a process which is depicted as a flowchart, a
flow diagram, a data flow diagram, a structure diagram, or
a block diagram. Although a flowchart may describe the
operations as a sequential process, many of the operations
can be performed in parallel or concurrently. In addition, the
order of the operations may be rearranged. A process is
terminated when its operations are completed, but could
have many additional steps not included in the figure. A
process may correspond to a method, a function, a proce-
dure, a subroutine, a subprogram, etc. When a process
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corresponds to a function, its termination corresponds to a
return of the function to the calling function or the main
function.

[0100] Embodiments of the invention may involve use of
a portable user interface that is adapted to provide or allow
continuous or intermittent secure links with the facility
network 400. For a middleware and/or other software imple-
mentation, the methodologies may be implemented with
modules (e.g., procedures, functions, and so on) that per-
form the functions described herein. Any machine-readable
medium tangibly embodying instructions may be used in
implementing the methodologies described herein. For
example, software codes may be stored in a memory.
Memory may be implemented within the processor or exter-
nal to the processor and may be downloadable through an
internet connection service. As used herein the term
“memory” refers to any type of long term, short term,
volatile, nonvolatile, or other storage medium and is not to
be limited to any particular type of memory or number of
memories, or type of media upon which memory is stored.
[0101] Moreover, as disclosed herein, the term “storage
medium” may represent one or more memories for storing
data, including read only memory (ROM), random access
memory (RAM), magnetic RAM, core memory, magnetic
disk storage mediums, optical storage mediums, flash
memory devices and/or other machine readable mediums for
storing information. The term “machine-readable medium”
includes, but is not limited to portable or fixed storage
devices, optical storage devices, wireless channels, and/or
various other storage mediums capable of storing that con-
tain or carry instruction(s) and/or data.

[0102] Furthermore, embodiments may be implemented
by hardware, software, scripting languages, firmware,
middleware, microcode, hardware description languages,
and/or any combination thereof. When implemented in
software, firmware, middleware, scripting language, and/or
microcode, the program code or code segments to perform
the necessary tasks may be stored in a machine readable
medium such as a storage medium. A code segment or
machine-executable instruction may represent a procedure,
a function, a subprogram, a program, a routine, a subroutine,
a module, a software package, a script, a class, or any
combination of instructions, data structures, and/or program
statements. A code segment may be coupled to another code
segment or a hardware circuit by passing and/or receiving
information, data, arguments, parameters, and/or memory
contents. Information, arguments, parameters, data, etc. may
be passed, forwarded, or transmitted via any suitable means
including memory sharing, message passing, token passing,
network transmission, etc.

[0103] In the appended figures, similar components and/or
features may have the same reference label. Further, various
components of the same type may be distinguished by
following the reference label by a dash and a second label
that distinguishes among the similar components. If only the
first reference label is used in the specification, the descrip-
tion is applicable to any one of the similar components
having the same first reference label irrespective of the
second reference label.

[0104] While the principles of the disclosure have been
described above in connection with specific apparatuses and
methods, it is to be clearly understood that this description
is made only by way of example and not as limitation on the
scope of the disclosure. Whether now known or later dis-
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covered, there are countless other alternatives, variations,
and modifications of the many features of the various
described and illustrated embodiments, both in the process
and in the system characteristics, that will be evident to
those of skill in the art after careful and discerning review of
the foregoing descriptions, particularly if they are also able
to review all of the various systems and methods that have
been tried in the public domain or otherwise described in the
prior art. All such alternatives, variations, and modifications
are contemplated to fall within the scope of the present
invention.

[0105] Although the present invention has been described
in terms of the foregoing preferred and alternative embodi-
ments, these descriptions and embodiments have been pro-
vided by way of explanation of examples only, in order to
facilitate understanding of the present invention. As such,
the descriptions and embodiments are not to be construed as
limiting the present invention, the scope of which is limited
only by the claims of this and any related patent applications
and any amendments thereto.

[0106] Inalternative embodiments, by providing a reliable
risk management system for nuclear appropriateness deter-
minations, the system is further adapted to also present the
option to order interventions and/or consults to reduce the
risk of cardiovascular disorders. A particularly preferred
variation of this alternative embodiment automatically pres-
ents the option of ordering a specialty consult to assess
whether Radio Frequency Ablation should be conducted
whenever a patient 500 is at high risk on the FRS scoring
system.

[0107] Due to the reliability of the NUC module, in still
another alternative, the above described NUC module
embodiments are integrated as part of an insurance man-
agement system that allows for precertification requirements
and/or independent Radiology Review Boards, which both
add an added layer of costs, to be deemed unnecessary
whenever the NUC module concludes that the nuclear
procedure is Appropriate. Such alternative still uses pre-cert
and RRB measures as ordering options, but those ordering
options are only presented when the conclusion is “uncer-
tain.” A particularly preferred approach involves an insur-
ance management system that generally disallows nuclear
imaging cost reimbursement for patients 500 at low risk
FRS; while requiring additional pre-authorization measures
(such as pre-cert and/or RRB requirements) for FRS values
indicating patients 500 at moderate or intermediate risk;
whereas patients 500 at high risk are exempt from additional
preauthorization requirements. Because they give an indi-
cation of who is most likely to develop cardiovascular
disease they also indicate who is most likely to benefit from
prevention.

[0108] Many other alternatives will be evident to those of
skill in the art in light of this description.

1. (canceled)

2. A healthcare management system for providing patient
care, the healthcare management system providing improve-
ments that result in improved operating efficiency and
reduced operating costs for a healthcare facility, the health-
care management system comprising:

a) a healthcare facility network having a data management
system that is configured to store electronic medical
records (EMR) of patients;
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b) one or more secure terminals each having a display, the
one or more secure terminals being in network com-
munication with the EMR data management system;

¢) identifiable memory locations for storing discrete data
elements;

d) data processors associated with the one or more secure
terminals;

e) a middleware system being integrated with the EMR
data management system;

1) the middleware system being adapted to securely access
EMR data stored by the EMR data management sys-
ten, wherein the middleware system is further adapted
to extract the EMR data relating to a particular patient;

2) the middleware system being configured to operate
through a graphic user interface having regions which
allow an authorized user of the middleware system to
interact with the EMR data management system of the
healthcare facility network, the regions comprising
graphical components including graphical fields, tool-
bars, and windows;

h) the middleware system being adapted to convey an
identification of the particular patient from the EMR
data management system to the one or more secure
terminals, the particular patient being a patient who is
enrolled for receiving care through the healthcare facil-
ity network;

1) the middleware system being adapted to electronically
access a data file in the EMR data management system,
the data file corresponding to electronic medical
records of the particular patient whose identification is
conveyed to the one or more secure terminals;

j) the middleware system being adapted to automatically
format discrete data elements corresponding to data
electronically accessed from the data file, the discrete
data elements comprising EMR data extracted from the
EMR data management system;

k) the discrete data elements comprising a plurality of
date data entries, the plurality of date data entries
including entries that correspond to the respective most
recent dates of one or more cardiac procedures pet-
formed in relation to the particular patient;

1) the middleware system being adapted to apply rules for
determining whether nuclear imaging is appropriate for
the particular patient, wherein the rules:

1) relate to comparisons of the plurality of date data
entries corresponding to the most recent dates of one
or more cardiac procedures; and

2) relate to comparisons of a value of one or more types
of cardiac risk scores; and

m) when application of the rules results in a determination
that nuclear imaging is not appropriate for the particu-
lar patient, the middleware system is adapted to not
initiate a new order for nuclear imaging;

n) when application of the rules results in a determination
that nuclear imaging is appropriate for the particular
patient, causing, by the middleware system, the at least
one secure terminal to present a screen bearing an
option for initiating a Nuclear Imaging Procedure (NIP)
order for the particular patient;

0) the middleware system being adapted to cause the one
or more secure terminals to display the NIP order to a
caregiver, the displayed order including particulars
corresponding to a NIP order template;

Apr. 16, 2020

p) the middleware system being further adapted to cause
the data processors associated with the one or more
secure terminals to automatically populate the particu-
lars of the NIP order template with patient data corre-
sponding to the particular patient identified and with
variable data corresponding to the formatted extracted
EMR data; and

q) the middleware system being further adapted to input
information on the NIP order template, the information
corresponding to details regarding the NIP order.

3. The healthcare management system of claim 2, wherein
the forms of data extracted from the EMR data management
system comprise structured data, free-text data, and/or
image data.

4. The healthcare management system of claim 2, wherein
interaction with the middleware system occurs within a user
interface of the EMR data management system.

5. The healthcare management system of claim 2, wherein
automatically formatting discrete data elements includes
normalizing the extracted EMR data into a format that is
usable by the middleware system.

6. The healthcare management system of claim 2, wherein
the one or more secure terminals are adapted to present a
plurality of order options to the caregiver, the plurality of
order options including a NIP ordering option.

7. The healthcare management system of claim 6, wherein
the rules are applied by the middleware system, wherein:

a) the middleware system is adapted to determine from
the discrete data elements a date data entry that corre-
sponds to a date of one or more most recent cardiac
procedures performed in relation to the particular
patient;

b) the middleware system is adapted such that, when the
date of a most recent cardiac procedure of any corre-
sponding date data entry determined by the middleware
system is within a two-year span preceding a current
date, then the middleware system is further adapted to
prompt the caregiver that a new order for nuclear
imaging is inappropriate, and wherein the middleware
system is further adapted to not initiate a new order for
nuclear imaging;

c) the middleware system being adapted such that, when
the date of the most recent cardiac procedure of any
corresponding date data entry determined by the
middleware system is not within the two-year span
preceding the current date, the middleware system is
further adapted to:

1) determine from the discrete data elements a date data
entry, if any, that corresponds to a most recent
Coronary Artery Bypass Graft (CABG) performed in
relation to the particular patient; and

2) when the date of the most recent CABG of any
corresponding date data entry determined by the
middleware system is within a five-year span pre-
ceding the current date, the middleware system is
further adapted to:

(i) determine whether the date of the most recent
cardiac procedure of any corresponding date data
entry of the most recent cardiac procedure is more
recent than the date of the most recent CABG of
any corresponding date data entry determined by
the middleware system; and

(ii) when the determination made by the middleware
system is that the date of the most recent cardiac
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procedure is more recent than the date of the most
recent CABG, then the middleware system is
further adapted to not initiate a new order for
nuclear imaging; and
d) the middleware system being further adapted such that,
when all requisite determinations are completed, such
that the date of the most recent cardiac procedure of any
corresponding date data entry determined by the
middleware system is not within the two-year span
preceding the current date, and such that one of the
following determinations is made by the middleware
system: (1) the date of the most recent CABG of any
corresponding date data entry determined by the
middleware system is not within a five-year span
preceding the current date, or (2) wherein the date of
the most recent CABG of any corresponding date data
entry determined by the middleware system is within a
five-year span preceding the current date but the date of
the most recent cardiac procedure is not more recent
than the date of the most recent CABG, then the
middleware system is further adapted to cause the one
or more secure terminals to present a screen bearing an
option for sending a new NIP order for the particular
patient.

8. The healthcare management system of claim 7, wherein
the one or more cardiac procedures include any Percutane-
ous Coronary Intervention (PCI), Myocardial Perfusion
Imaging (MPI), and/or Cardiac Catheterization (CATH)
performed in relation to the particular patient.

9. The healthcare management system of claim 8, wherein
the NIP order includes an order for a PCI procedure for the
particular patient identified by the middleware system.

10. The healthcare management system of claim 8,
wherein the middleware system is further adapted to:

a) mine the EMR data management system to compile
data files corresponding to patients enrolled for care
through the healthcare facility network, the compiled
data files including the data file accessed by the middle-
ware system for the particular patient; and

b) store the compiled files from mining the EMR data
management system in a database separate from the
EMR data management system.

11. The healthcare management system of claim 8,
wherein:

a) the middleware system is adapted to determine whether
the date of the most recent PCI procedure is more
recent than the date of the most recent CABG proce-
dure and, if so, then determining whether the date of the
most recent MPI procedure is more recent than the date
of the most recent CABG procedure for the particular
patient; and

b) when the middleware system determines that the date
of the most recent MPI procedure is more recent than
the date of the most recent CABG procedure, then the
middleware system being further adapted to not initiate
a new order for nuclear imaging.

12. The healthcare management system of claim 11,
wherein the middleware system is adapted to:

a) determine a first cardiovascular risk score for the
particular patient, the middleware system using a first
cardiovascular risk scoring system that is reflective of
the particular patient’s risk of developing cardiovascu-
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lar disease, the first cardiovascular risk scoring system
being based on data obtained from the Framingham
Heart Study;

b) determine a second cardiovascular risk score for the
particular patient, the middleware system using a sec-
ond cardiovascular risk scoring system that is also
reflective of the particular patient’s risk of developing
cardiovascular disease, the second cardiovascular risk
scoring system being more related to coronary calcifi-
cation than the first cardiovascular risk scoring system;
and

¢) the middleware system being further adapted such that,
when one or both of the first and second cardiovascular
risk scores are determined by the middleware system to
not be reflective of high risk for the particular patient
developing cardiovascular disease, then the middle-
ware system being further adapted to not initiate a new
order for nuclear imaging.

13. The healthcare management system of claim 11,

wherein the middleware system is adapted to:

a) determine the most recent Framingham Risk Score for
the particular patient and the date when the most recent
Framingham Risk score was determined;

b) determine the most recent Agatston score for the
particular patient and the date when the Agatston score
was determined; and

¢) the middleware system being further adapted such that,
when either or both of the most recent Framingham
Risk Score and the most recent Agatston Score are
determined to not be reflective of high risk for the
particular patient developing cardiovascular disease,
then the middleware system is further adapted to not
initiate a new order for nuclear imaging; and

d) when the most recent Framingham Risk Score is not
reflective of high risk for the particular patient devel-
oping cardiovascular disease over a ten-year period,
and if the most recent MPI date for the particular
patient is more recent than or equal to the Agatston
date, then the middleware system is further adapted to
not initiate an order for a new nuclear imaging proce-
dure.

14. The healthcare management system of claim 13,

wherein the middleware system is adapted to:

a) cause the one or more secure terminals to prompt the
caregiver to provide and/or confirm patient data of the
type used for calculating Agatston Risk Scores;

b) cause the one or more secure terminals to prompt the
caregiver to provide and/or confirm patient data of the
type used for calculating Framingham Risk Scores;

¢) calculate an Agatston Risk Score and a Framingham
Risk Score for the particular patient based in part on the
data file corresponding to the particular patient and
based in part on data input provided through the one or
more secure terminals;

d) determine whether the Agatston Risk Score predicts a
high risk of cardiovascular disease for the particular
patient;

e) determine whether the Framingham Risk Score predicts
a high risk of cardiovascular disease for the particular
patient; and

f) the middleware system being adapted such that, when
either the Agatston Risk Score or the Framingham Risk
Score predicts a high risk of cardiovascular disease for
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the particular patient, then the middleware system is

further adapted to not initiate an order for a new nuclear

imaging procedure.

15. The healthcare management system of claim 14,

wherein the middleware system is adapted to:

a) determine from the data file a date data entry that
corresponds to a date of a most recent CATH proce-
dure, if any, performed in relation to the particular
patient;

b) the middleware system being further adapted such that:
1) when the most recent CATH date for the particular

patient, as determined by the middleware system, is
more recent than or equal to the most recent Agatston
date, then the middleware system is further adapted
to not initiate a new order for nuclear imaging;

2) the middleware system is further adapted to deter-
mine whether the date of the most recent MPI
procedure, as determined by the middleware system,
is greater than or equal to the most recent Agatston
score date, and the middleware system is further
adapted to determine whether the most recent CATH
date is greater than or equal to the most recent score
date;

3) when either the MPI date or the CATH date is more
recent as determined by the middleware system, then
the middleware system is further adapted to deter-
mine if the most recent Framingham Risk Score
predicts a medium risk of cardiovascular disease for
the particular patient, and the middleware system is
further adapted to determine whether the most recent
Framingham Risk Score predicts a high risk of
cardiovascular disease for the particular patient;

4) when the most recent Framingham Risk score pre-
dicts a high risk of cardiovascular disease for the
particular patient, then the middleware system is
further adapted to not initiate an order for a new
nuclear imaging procedure; and

5) when either the most recent Agatston Score or the
most recent Framingham Risk Score predicts a high
risk of cardiovascular disease for the particular
patient, then the middleware system is further
adapted to not initiate an order for a new nuclear
imaging procedure.

16. The healthcare management system of claim 13,

wherein the middleware system is adapted to:

a) cause the one or more secure terminals to prompt the
caregiver to provide and/or confirm patient data of the
type used for calculating Framingham Risk Scores;

b) calculate a Framingham Risk Score for the particular
patient based in part on the data file corresponding to
the particular patient and based in part on data input
provided through the one or more secure terminals;

¢) determine whether the Framingham Risk Score is High;
and

d) the middleware system being further adapted such that,
when the Framingham Risk Score is determined to be
High, then the middleware system is further adapted to
not initiate an order for a new nuclear imaging proce-
dure.

17. The healthcare management system of claim 16,

wherein:

a) when the determination by the middleware system is
not that the last MPI date is greater than or equal to the
date of the last Agatston Score or whether the last

Apr. 16, 2020

CATH date is greater than or equal to the date of the last
Agatston Score, then the middleware system is adapted
to determine if the patient’s Framingham Risk Score is
Medium;

b) when the determination made by the middleware
system is that the patient’s Framingham Risk Score is
Medium, then the middleware system is further adapted
to determine if the Agatston date is defined and if the
Agatston Score is greater than 400,

¢) when the determination by the middleware system is
that the Agatston date is defined and Agatston Score is
greater than 400, then the middleware system is
adapted to not initiate an order for a new nuclear
imaging procedure;

d) when the determination by the middleware system is
not that the Agatston date is defined and the Agatston
Score is greater than 400, then the middleware system
is further adapted to determine if the Agatston date is
defined and if the Agatston Score is greater than or
equal to 100,

e) when the determination by the middleware system is
that the Agatston date is defined and the Agatston Score
is greater than or equal to 100, then the middleware
system is further adapted to not initiate an order for a
new nuclear imaging procedure;

) when the determination by the middleware system is
not that the Agatston date is defined and the Agatston
Score is greater than or equal to 100, then the middle-
ware system 1s further adapted to not initiate an order
for a new nuclear imaging procedure;

2) when the determination by the middleware system is
not that the particular patient’s Framingham Risk Score
is Medium, then the middleware system is further
adapted to determine if the Agatston date is defined;

h) when the determination by the middleware system is
that the Agatston date is defined, then the middleware
system is further adapted to determine if the Agatston
Score is greater than 400,

1) when the determination by the middleware system is
that the Agatston Score is greater than 400, then the
middleware system is further adapted to not proceed
with any further determinations as the patient is appro-
priate for MPI,

j) when the determination by the middleware system is
not that the Agatston Score is greater than 400, then the
middleware system is further adapted to determine if
the Agatston Score is greater than or equal to 100;

k) when the determination by the middleware system is
that the Agatston Score is greater than or equal to 100,
then the middleware system is further adapted to not
proceed with any further determinations as the patient
1s uncertain for MPI; and

1) when the determination by the middleware system is
not that the Agatston Score is greater than or equal to
100, then the middleware system is further adapted to
not initiate a new order for nuclear imaging.

18. A healthcare management system for providing
patient care, the healthcare management system providing
improvements that result in improved operating efficiency
and reduced operating costs for a healthcare facility, the
healthcare management system comprising:
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a) a healthcare facility network having a data management
system comprising an EMR data management system
that is adapted to store electronic medical records
(EMR) of patients;

b) one or more secure terminals each having a display, the
one or more secure terminals being in network com-
munication with the EMR data management system;

¢) identifiable memory locations for storing discrete data
elements;

d) data processors associated with the one or more secure
terminals;

e) a middleware system being integrated with the EMR
data management system, wherein interaction by a user
of the middleware system occurs within a user interface
of the EMR data management system;

1) the middleware system being adapted to securely access
EMR data stored by the EMR data management sys-
tem, wherein the middleware system is further adapted
to extract the EMR data relating to the particular
patient, the EMR data being all forms of data which are
relevant to a particular condition of a particular patient,
wherein the forms of data comprise structured data,
free-text data, and image data;

2) the middleware system being adapted to create readily
executable ordering options associated with nuclear
imaging options for the particular patient;

h) the middleware system being configured to operate
through a graphic user interface having regions which
allow an authorized user of the middleware system to
interact with said the EMR data management system of
the healthcare facility network, the regions comprising
graphical components including graphical fields, tool-
bars, and windows;
the middleware system being adapted to convey an
identification of the particular patient from the EMR
data management system to the one or more secure
terminals, the particular patient being a patient who is
enrolled for receiving care through the healthcare facil-
ity network;

) the middleware system being adapted to electronically
access a data file in the EMR data management system
corresponding to the particular patient;

k) the middleware system being adapted to automatically
format discrete data elements corresponding to data
electronically accessed from the data file, wherein the
discrete data elements comprise EMR data extracted
from the EMR data management system, wherein the
automatic formatting comprises normalizing the
extracted EMR data into a usable format for use with
the middleware system;

1) the middleware system being further programmed to
automatically store the discrete data elements in the
identifiable memory location;

m) the middleware system being adapted to automatically
update the discrete data elements stored in the identi-
fiable memory locations, wherein the discrete data
elements are automatically verified,

n) the middleware system being adapted to determine
from the extracted EMR data a plurality of date data
entries, the plurality of date data entries including
entries that correspond to the respective most recent
dates of multiple types of cardiac procedures performed
in relation to the particular patient;

—
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0) the middleware system being adapted such that, when
the date of the most recent cardiac procedure of any
corresponding date data entry determined by the
middleware system is within a two-year span preceding
a current date, then the middleware system being
further adapted to prompt a caregiver that a new order
for nuclear imaging is inappropriate, and the middle-
ware system is further adapted to not initiate a new
order for nuclear imaging;

p) the middleware system being adapted such that, when
the date of the most recent cardiac procedure of any
corresponding date data entry determined by the
middleware system is not within the two-year span
preceding the current date, the middleware system is
further adapted to:

1) determine from the discrete data elements a date data
entry, if any, that corresponds to a most recent
Coronary Artery Bypass Graft (CABG) performed in
relation to the particular patient; and

2) when the date of the most recent CABG of any
corresponding date data entry determined by the
middleware system is within a five-year span pre-
ceding the current date, the middleware system is
further adapted to:

(i) determine whether the date of the most recent
cardiac procedure of any corresponding date data
entry of the most recent cardiac procedure is more
recent than the date of the most recent CABG of
any corresponding date data entry determined by
the middleware system; and

(i1) when the determination made by the middleware
system is that the date of the most recent cardiac
procedure is more recent than the date of the most
recent CABG, then the middleware system is
further adapted to not initiate a new order for
nuclear imaging; and

q) the middleware system being adapted such that, when
all requisite determinations are completed. such that the
date of the most recent cardiac procedure of any
corresponding date data entry determined by the
middleware system is not within the two-year span
preceding the current date, and such that one of the
following determinations is made by the middleware
system: (1) the date of the most recent CABG of any
corresponding date data entry determined by the
middleware system is not within a five-year span
preceding the current date, or (2) wherein the date of
the most recent CABG of any corresponding date data
entry determined by the middleware system is within a
five-year span preceding the current date but the date of
the most recent cardiac procedure is not more recent
than the date of the most recent CABG, then the
middleware system is further adapted to cause the one
or more secure terminals to present a screen bearing an
option for sending a new Nuclear Imaging Procedure
(NIP) order for the particular patient (for reference, a
“NIP order sending option™), the NIP order sending
option requiring authorization before the new nuclear
imaging order is sent;

r) the middleware system being adapted to cause the one
or more secure terminals to display the NIP order to the
caregiver, the displayed order including particulars
corresponding to a NIP order template;
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s) the middleware system being adapted to cause the data
processors associated with the one or more secure
terminals to automatically populate the particulars of
the NIP order template with patient data corresponding
to the particular patient and with variable data corre-
sponding to the formatted extracted EMR data; and

t) the middleware system being adapted to input on the
NIP order template information corresponding to
details regarding why the NIP order is being injected
through the EMR data management system as being
necessary for the particular patient, wherein the details
are formulated to at least conform to current published
clinical guidelines.

19. A method for optimizing use of nuclear imaging to
assess risks of cardiovascular disorders in relation to a
healthcare facility network having a data management sys-
tem that is adapted to store electronic medical records
(EMR) of patients, discrete aspects of the EMR being stored
in identifiable memory locations for particular patients, the
method comprising controlling operation, via a middleware
system, of at least one secure terminal and associated data
processors, the at least one secure terminal being in network
communication with the EMR data management system,
wherein the middleware system is integrated with the EMR
data management system, the method comprising the steps
of:

a) conveying, by the middleware system, an identification
of a particular patient who is enrolled for receiving care
through the healthcare facility network;

b) electronically accessing, by the middleware system, a
data file in the EMR data management system, the data
file correspond to electronic medical records of the
particular patient;

c) extracting, by the middleware system, EMR data from
the EMR data management system, the EMR data
being related to a particular condition of the particular
patient;

d) automatically formatting, by the middleware system,
discrete data elements corresponding to the extracted
EMR data, wherein the discrete data elements comprise
a plurality of date data entries, the date data entries
corresponding to one or more respective recent dates of
one or more cardiac procedures performed in relation to
the particular patient;

e) applying rules, by the middleware system, for deter-
mining an appropriate care path for the particular
patient, wherein the rules:

1) relate to comparisons of the plurality of date data
entries of the cardiac procedures;

2) relate to comparisons of a value of one or more types
of cardiac risk scores; and

) when application of the rules results in a determination
that nuclear imaging is not appropriate for the particu-
lar patient, stopping the method such that the middle-
ware system does not initiate a new order for nuclear
imaging;
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g) when application of the rules results in a determination
that nuclear imaging is appropriate for the particular
patient, causing, by the middleware system, the at least
one secure terminal to present a screen bearing an
option for initiating a Nuclear Imaging Procedure (NIP)
order for the particular patient;

h) causing, by the middleware system, the at least one
secure terminal to display the NIP order to a caregiver,
the displayed order including particulars corresponding
to a NIP order template;

1) causing, by the middleware system, the data processors
associated with the at least one secure terminal to
automatically populate the particulars of the NIP order
template with patient data corresponding to the par-
ticular patient and with variable data corresponding to
the formatted extracted EMR data; and

]) inputting, by the middleware system, information on the
NIP order template, the information corresponding to
details regarding the NIP order, wherein the details are
formulated to at least conform to published clinical
guidelines.

20. The method of claim 19, further comprising:

a) determining, by the middleware system, from the data
file a date data entry that corresponds to a date of a most
recent cardiac procedure performed in relation to the
particular patient;

b) when the date of the most recent cardiac procedure is
within a two-year span preceding a current date, then
stopping the method such that a new order for nuclear
imaging is not initiated;

¢) when the date of the most recent cardiac procedure is
not within a two-year span preceding the current date,
then:

1) determining, by the middleware system, from the
data filed a date data entry that corresponds to a most
recent Cardiac Artery Bypass Graft (CABG) per-
formed in relation to the particular patient;

2) when the date of the most recent CABG is within a
five-year span preceding the current date, then:

(a) determining, by the middleware system, whether
the date of the most recent cardiac procedure is
more recent than the date of the most recent
CABG;

(b) when the determination made is that the date of
the most recent cardiac procedure is more recent
than the date of the most recent CABG, then
stopping the method such that a new order for
nuclear imaging is not initiated;

21. The method of claim 20, wherein the cardiac proce-
dures include any Percutaneous Coronary Intervention
(PCI), Myocardial Perfusion Imaging (MPI), and/or Cardiac
Catheterization (CATH) performed in relation to the par-
ticular patient.
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