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BEHAVIOR TRAINED CLINICAL SUPPORT

TECHNICAL FIELD

[0001] This invention generally relates to training support systems and, more particularly, to

training support systems based on user behavior.

BACKGROUND

[0002] Medical personnel or the like frequently interact with software and various medical
devices. Learning how these medical personnel interact with these software platforms and
devices, as well as their expectations of new technologies, may be helpful in creating more

effective software platforms and medical devices.

[0003] It 1s often difficult, however, to gather helpful information regarding these medical
personnel interactions. Current techniques to gather this type of information may involve
interviews with medical personnel. However, conducting these interviews may be time

consuming, labor intensive, and takes medical personnel away from their medical duties.

[0004] There are also typically variations in usage among personnel employed by different
healthcare institutions and treating different kinds of patients. Collaborating with or
interviewing a subgroup of professionals can yield biased results that are not representative of all
healthcare institutions and medical personnel. On the other hand, interviewing larger groups of

medical personnel and tracking their daily workflows may be difficult if not impossible.

[0005] Even with close collaboration, efficient communication with medical personnel and

healthcare institutions still cannot be guaranteed. For example, existing clinical decision support
(CDS) tools inevitably generate noise or redundant information that can be distracting rather than
helpful. Also, there may be areas not recognized (i.e., not currently monitored) where CDS tools

could intervene to support patient care.

[0006] A need exists, therefore, for improved clinical decision support systems.
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SUMMARY

[0007] This summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description section. This summary is not
intended to identify key features or essential features of the claimed subject matter, nor is it

intended to be used as an aid in determining the scope of the claimed subject matter.

[0008] In one aspect, embodiments of the invention relate to a non-transitory computer-
readable medium having instructions stored thereon for performing a method of behavior-trained
deterioration detection, the instructions operative on one or more processors to perform
operations comprising: for at least one patient experiencing an episode, retrieving records of
medical personnel actions preceding and following the episode for the at least one patient from at
least one records database, using at least some of the retrieved action records to determine
whether the condition of the at least one patient is at risk of deterioration; for at least one other
patient experiencing a similar episode, retrieving records of physiological parameters preceding
and following the similar episode for at least one other patient from at least one parameter
database, categorizing the at least one other patient into a control group or a positive group using
at least some of the retrieved action records; and training at least one algorithm for deterioration

detection utilizing the retrieved physiological parameters for at least one patient in the positive

group.

[0009] In some embodiments of the computer readable medium for deterioration detection,
the at least one records database is at least one of an electronic medical record (EMR) system

and a clinical decision support (CDS) system.

[0010] In some embodiments of the computer readable medium for deterioration detection,
the at least one parameter database is at least one of an electronic medical record (EMR) system

and a clinical decision support (CDS) system.

[0011] In some embodiments of the computer readable medium for deterioration detection,
the duration of the period preceding and following the episode for the retrieval of action records

depends on the episode.
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[0012] In some embodiments of the computer readable medium for deterioration detection,
the duration of the period preceding and following the similar episode for the retrieval of

parameter records depends on the episode.

[0013] In some embodiments of the computer readable medium for deterioration detection,
the training is selected from the group consisting of regression, decision trees, random forest,

vector support machine, and Bayesian methods.

[0014] In another aspect, embodiments of the invention relate to a non-transitory computer-
readable medium having instructions stored thereon for performing a method of behavior-trained
alarm management, the instructions operative on one or more processors to perform operations
comprising: for at least one indicator, retrieving records of medical personnel actions preceding
and following the indicator from at least one records database; using at least some of the
retrieved action records to determine whether the condition of at least one patient is at risk of
deterioration; for at least one other patient experiencing a similar indicator, retrieving records of
physiological parameters preceding and following the similar indicator for at least one other
patient from at least one parameter database; categorizing the similar indicator as a true positive,
false positive, true negative, or false negative using at least some of the retrieved action records;

and training at least one algorithm utilizing the categorized indicator.

[0015] In some embodiments of the computer readable medium for alarm management, the

indicator 1s an alarm.

[0016] In some embodiments of the computer readable medium for alarm management, the
at least one records database 1s at least one of an electronic medical record (EMR) system and a

clinical decision support (CDS) system.

[0017] In some embodiments of the computer readable medium for alarm management, the
at least one parameter database is at least one of an electronic medical record (EMR) system and

a clinical decision support (CDS) system.

[0018] In some embodiments of the computer readable medium for alarm management, the
duration of the period preceding and following the indicator for the retrieval of action records

depends on the episode.
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[0019] In some embodiments of the computer readable medium for alarm management, the
duration of the period preceding and following the similar indicator for the retrieval of parameter

records depends on the episode.

[0020] In some embodiments of the computer readable medium for alarm management, the
training 1s selected from the group consisting of regression, decision trees, random forest, vector

support machine, and Bayesian methods.

[0021] In yet another aspect, embodiments of the present invention relate to a non-transitory
computer-readable medium having instructions stored thereon for performing a method of
behavior-trained decision support, the instructions operative on one or more processors to
perform operations comprising: for at least one event, retrieving records of medical personnel
actions preceding and following the event from at least one records database; and providing

guidance to medical personnel using at least some of the retrieved action records.

[0022] These and other features and advantages, which characterize the present non-limiting
embodiments, will be apparent from a reading of the following detailed description and a review
of the associated drawings. It is to be understood that both the foregoing general description and
the following detailed description are explanatory only and are not restrictive of the non-limiting

embodiments as claimed.

BRIEF DESCRIPTION OF DRAWINGS

[0023] The invention and embodiments thereof will be better understood when the following

detailed description is read in conjunction with the accompanying drawing figures:

[0024] FIG. 1 schematically illustrates a system for behavior-trained clinical support in

accordance with one embodiment of the invention;

[0025] FIG. 2 illustrates several types of the input/output (I/O) devices 102 of FIG. 1 in

accordance with one embodiment of the invention;

[0026] FIG. 3 illustrates a series of steps performed by the deterioration detection module

114 of FIG. 1 in accordance with one embodiment of the invention;

[0027] FIG. 4 depicts a flowchart of a method of behavior-trained deterioration detection in

accordance with one embodiment of the invention;

—4-
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[0028] FIG. 5 illustrates a series of steps performed by the alarm management module of

FIG. 1 in accordance with one embodiment of the invention;

[0029] FIG. 6 presents a flowchart of a method of behavior-trained alarm management in

accordance with one embodiment of the invention;

[0030] FIG. 7 illustrates a series of steps performed by the alarm management module 116

of FIG. 1 in accordance with another embodiment of the invention;

[0031] FIG. 8 illustrates a series of steps performed by the decision and navigation support

module 118 of FIG. 1 in accordance with one embodiment of the invention;

[0032] FIG. 9 depicts a flowchart of a method of behavior-trained decision support in

accordance with one embodiment of the invention; and

[0033] FIG. 10 1llustrates an exemplary application of the decision and navigation support
module of FIG. 1.

[0034] In the drawings, like reference characters generally refer to corresponding parts
throughout the different views. Elements are not necessarily drawn to scale, emphasis instead

being placed on the principles and concepts of operation.

DETAILED DESCRIPTION

[0035] Various embodiments are described more fully below with reference to the
accompanying drawings, which form a part hereof, and which show specific exemplary
embodiments. However, the concepts of the present disclosure may be implemented in many
different forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided as part of a thorough and complete disclosure, to fully
convey the scope of the concepts, techniques and implementations of the present disclosure to
those skilled in the art. Embodiments may be practiced as methods, systems or devices.
Accordingly, embodiments may take the form of a hardware implementation, an entirely
software implementation or an implementation combining software and hardware aspects. The

following detailed description is, therefore, not to be taken in a limiting sense.

[0036] Reference in the specification to “one embodiment” or to “an embodiment” means

that a particular feature, structure, or characteristic described in connection with the

—5_
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embodiments is included in at least one example implementation or technique in accordance with
the present disclosure. The appearances of the phrase “in one embodiment” in various places in

the specification are not necessarily all referring to the same embodiment.

[0037] Some portions of the description that follow are presented in terms of symbolic
representations of operations on non-transient signals stored within a computer memory. These
descriptions and representations are used by those skilled in the data processing arts to most
effectively convey the substance of their work to others skilled in the art. Such operations
typically require physical manipulations of physical quantities. Usually, though not necessarily,
these quantities take the form of electrical, magnetic or optical signals capable of being stored,
transferred, combined, compared and otherwise manipulated. It is convenient at times,
principally for reasons of common usage, to refer to these signals as bits, values, elements,
symbols, characters, terms, numbers, or the like. Furthermore, it is also convenient at times, to
refer to certain arrangements of steps requiring physical manipulations of physical quantities as

modules or code devices, without loss of generality.

[0038] However, all of these and similar terms are to be associated with the appropriate
physical quantities and are merely convenient labels applied to these quantities. Unless
specifically stated otherwise as apparent from the following discussion, it is appreciated that
throughout the description, discussions utilizing terms such as “processing” or “computing” or
“calculating” or “determining” or “displaying” or the like, refer to the action and processes of a
computer system, or similar electronic computing device, that manipulates and transforms data
represented as physical (electronic) quantities within the computer system memories or registers
or other such information storage, transmission or display devices. Portions of the present
disclosure include processes and instructions that may be embodied in software, firmware or
hardware, and when embodied in software, may be downloaded to reside on and be operated

from different platforms used by a variety of operating systems.

[0039] The present disclosure also relates to an apparatus for performing the operations
herein. This apparatus may be specially constructed for the required purposes, or it may
comprise a general-purpose computer selectively activated or reconfigured by a computer
program stored in the computer. Such a computer program may be stored in a computer readable

storage medium, such as, but is not limited to, any type of disk including floppy disks, optical
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disks, CD-ROMs, magnetic-optical disks, read-only memories (ROMs), random access
memories (RAMs), EPROMs, EEPROMs, magnetic or optical cards, application specific
integrated circuits (ASICs), or any type of media suitable for storing electronic instructions, and
each may be coupled to a computer system bus. Furthermore, the computers referred to in the
specification may include a single processor or may be architectures employing multiple

processor designs for increased computing capability.

[0040] The processes and displays presented herein are not inherently related to any
particular computer or other apparatus. Various general-purpose systems may also be used with
programs in accordance with the teachings herein, or it may prove convenient to construct more
specialized apparatus to perform one or more method steps. The structure for a variety of these
systems 1s discussed in the description below. In addition, any particular programming language
that 1s sufficient for achieving the techniques and implementations of the present disclosure may
be used. A variety of programming languages may be used to implement the present disclosure

as discussed herein.

[0041] In addition, the language used in the specification has been principally selected for
readability and instructional purposes and may not have been selected to delineate or
circumscribe the disclosed subject matter. Accordingly, the present disclosure is intended to be

illustrative, and not limiting, of the scope of the concepts discussed herein.

[0042] Having knowledge of how medical personnel interact with medical devices and
software may help design more effective and user-friendly medical devices and software. This
may in turn lead to higher quality patient care. A variety of patient care-related applications may

benefit from the features of the invention.

[0043] For example, deterioration detection tools typically monitor patients’ vital signs and
other physiological parameters, calculate a score using the monitored parameters, and trigger an
alarm if the score exceeds a certain threshold. Having an in-depth understanding of the medical
problem and the healthcare institution workflow (e.g., how medical personnel react to certain

patient symptoms and patient physiology) may also be used to improve deterioration detection.

[0044] Alarm systems are another important component of deterioration detection. These

systems may generate a score based on physiological parameters, and an indicator (e.g., an
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alarm) may be issued if the score is above (or below) a predetermined threshold. For system
designers, it may be important to know how to balance the sensitivity and specificity of the alarm
system. Having an in-depth understanding of the users’ experiences, their tolerance to false
alarms, and their preferences as to how the system should be integrated into their workflow may

therefore improve alarm management.

[0045] Another application may involve the integration of multiple deterioration detection
methods to provide decision and navigation support (e.g., steps to be taken by medical
personnel). For system designers, it may be important to know how medical personnel interact
with each other, the particular tests they order for particular medical conditions, the medications

they typically prescribe for certain conditions, and the like.

[0046] Features of the present invention therefore analyze individual users’ behavior as it
relates to multiple medical devices and/or software platforms. The ways users respond to alarms,
how they treat certain patient conditions, and their sequential movement across multiple
platforms all reflect their medical expertise. Mining this behavior data, along with patients’
physiological data, may lead to a better understanding of users” medical knowledge which can be

leveraged to train new CDS methods.

[0047] It is also contemplated that embodiments of the present invention may be used in
other types of applications, such as those in the military, retail, e-commerce, finance,
transportation, or any type of data-driven application that may benefit from the features of the
present invention. For the sake of simplicity, however, the features of the present invention will
be described as being implemented in healthcare institutions. The term “user” may refer to any
type of medical personnel such as doctors, physicians, nurses, physician assistants, caregivers,

receptionists, or any other interested party providing healthcare.

[0048] FIG. 1 schematically illustrates various components of the behavior-trained clinical
support system 100 in accordance with one embodiment of the invention. Medical personnel or
other types of users may interact with a plurality of input/output (I/O) devices 102. The
information entered into the I/O devices 102 (along with the user’s behavior while interacting

with the I/O devices 102) may be monitored by the user tracker module 104.



10

15

20

25

WO 2017/109683 PCT/IB2016/057802

[0049] Information regarding the user’s behavior and actions while interacting with the I/O
devices 102 may be stored in at least one records database 106 and analyzed by an analyzer
module 108 when appropriate. Information regarding the user’s behavior may also be

communicated directly to the analyzer module 108.

[0050] Information regarding patient physiological parameters may be stored in at least one
parameter database 110. The integrator module 112 may integrate information regarding
thousands of users’ behavior with patients’ physiological parameters from the parameter database

110.

[0051] Outputs of the integrator module 112 may then be used train various CDS platforms,
such as, e.g., a deterioration detection module 114, an alarm management module 116, a decision

and navigation support module 118, etc.

[0052] The I/O devices 102 illustrated in FIG. 1 may be any type of device that can receive
or otherwise monitor information regarding a user’s behavior (e.g., their actions). FIG. 2
illustrates different types of I/O devices 102 that users often interact with. These may include
laptops 102a (as well as desktop computers), mobile devices 102b, tablets 102c, or the like, as
well as medical devices 102d. These devices 102 may include an interface to enable interaction

between users and software platforms.

[0053] With continued reference to FIG. 2, medical personnel may interact with these I/O
devices 102 to add information to an electronic medical record (EMR) 202 of a patient, enter test
results of a patient, order medications, conduct research, etc. This information may be
communicated from the I/O devices 102 to the user tracker module 104 via any type of

hardwired or wireless connection.

[0054] The user tracker module 104 may be any configured processor or the like that can
monitor, record, and communicate information regarding the user’s behavior. The user tracker
module 104 may, for example, monitor medical interventions taken by the user(s). If the user is
using a software-related platform, for example, the user tracker module 104 may monitor the
buttons or tabs clicked by the user, the pages viewed, the amount of time the user remains on a

particular page, messages sent and received regarding a patient, etc.
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[0055] Information regarding the user’s behavior may be stored in at least one records
database 106 until ready for analysis by the analyzer module 108. Or, information regarding the
user’s behavior may be communicated directly to the analyzer module 108 by the user tracker

module 104.

[0056] The analyzer module 108 may be configured to perform calculations or other
processes on the data regarding the user’s behavior. In some embodiments, the analyzer module
108 may be configured to calculate various derivatives of the measured behavioral data,
including but not limited to simple averages (i.e., a mean(s)), weighted averages, standard
deviations, etc. In some embodiments, the analyzer module 108 may be implemented as a single

pole filter, a multipole filter, a Kalman filter, etc.

[0057] The system 100 may also include at least one parameter database 110. The parameter
database 110 may store information relating to physiological parameters of thousands of patients.
This information may relate to patient medical history, patient test results, vital sign

measurements, etc.

[0058] The parameter database 110 may also be in communication with the analyzer module
108. The analyzer module 108 may therefore process or otherwise analyze parameter-related
information prior to integration by the integrator module 112. For example, in some
embodiments, the analyzer module 108 may be configured to calculate various derivatives of the
parameter-related information, including but not limited to simple averages (i.e., a mean(s)),

weighted averages, standard deviations, etc.

[0059] The output(s) of the analyzer module 108 (or databases) may be communicated to the
integrator module 112. The integrator module 112 may integrate the behavior-related
information with parameter-related information to evaluate or otherwise train CDS tools. That
is, the modules and databases 104—12 can be implemented in or otherwise used to train CDS
tools such as the deterioration detection module 114, the alarm management module 116, and/or

the decision and navigation support module 118.

[0060] FIG. 3 generally illustrates a series of steps performed by the behavior-trained
deterioration detection module 114. Deterioration detection typically utilizes the tools and
analytics to determine whether patients have a health-related condition, are at risk of acquiring a

health-related condition, or are at risk of spreading a health-related condition.

—10-
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[0061] The user tracker module 104 may monitor or otherwise keep track of the user’s
behavior when they are treating a patient. As mentioned previously, this may include medical
orders placed by the user and/or other user actions interacting with various platforms such as

EMR and various CDS tools.

[0062] For a particular patient, at any given episode #y the analyzer module 108 analyzes the
actions taken by the user(s) (e.g., physicians, nurses, or other medical personnel) in a small time
window [#g.s, f9+5] (Step 300). In this particular embodiment, 6 represents the time window
preceding/following #; in which we assume a user takes actions to treat the patient’s condition.
These actions could be reviewing certain information, prescribing medications, conducting
certain procedures or interventions, or placing any comprehensive medical orders. The variable
6 may of course vary based on different applications (and/or may of course vary depending on

the particular episode, patient, or condition).

[0063] Based on a set of (e.g., predetermined) criteria, the analyzer module 108 may
determine if the collection of actions taken in the window [fo.s, #s+5] indicate whether a particular
patient is at risk of deterioration (or some other health-related condition, depending on the
application) at 7y (Step 304). This determination may result in a “yes” or “no” determination, and
may be referred to as behavior-based risk categorization. That is, the categorization is based on

the user’s behavior.

[0064] The integrator module 112 may then obtain physiological parameters in a time
window before 7y [tg.as, 1] from the parameter database 110 (Step 308). At represents the time
window preceding 7, in which vital signs and other parameters are measured that may be
predictive of the patient’s condition at #5. These physiological parameters may be gathered by a
plurality of vital sign sensors (not shown) and, collectively, may relate to physiological
parameters of thousands of patients over thousands of episodes. The variable At may of course
vary depending on the application (and/or depending on the particular episode). The integrator
module 112 could be programmed to utilize various types of data mining techniques, such as

regression, decision trees, random forest, vector support machine, Bayesian methods, or the like.

[0065] The risk categorization made by the analyzer module 108 is used as ground truth to
separate patients into a positive group (patients with a particular condition) and a control group

(patients without the particular condition) (Step 312). The integrator module 112 integrates the

—11 =
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risk categorization and the information regarding the physiological parameters for future
iterations of the deterioration detection module 114 (Step 316). The integrator module 112 could
be programmed to utilize various types of data mining techniques, such as regression, decision

trees, random forest, vector support machine, and Bayesian methods.

[0066] For example, the deterioration detection module 114 can be configured to target
specific user actions so that the outcome of the system could be an algorithm trained to use a
combination of physiological parameters to detect a certain condition (e.g., respiratory illness).
Or, the deterioration detection module 114 can be configured to target more actions, so the

outcome of the system can be an algorithm used to detect general deteriorations.

[0067] FIG. 4 generally illustrates a method 400 of behavior-trained deterioration detection
in accordance with one embodiment of the invention. This method may be performed by any
non-transitory computer-readable medium having instructions operative on one or more

Processors.

[0068] For this method 400, assume at least a one patient is experiencing a health condition-
related episode. Step 402 involves retrieving records of medical personnel actions preceding and
following the episode from at least one records database. As stated previously, these actions may
include tests performed by the medical personnel, notes taken by the medical personnel,

procedures or interventions conducted by the medical personnel, etc.

[0069] Step 404 involves using at least some of the retrieved action records to determine
whether the condition of the at least one patient is at risk of deterioration. For example, if these
records show that medical personnel ordered a series of medications and/or performed certain
procedures, it may be determined that the condition of the at least one patient is at risk of

deterioration. This step may result in a “yes” or “no” determination.

[0070] Step 406 relates to at least one other patient experiencing a similar episode. Step 406
involves retrieving records of physiological parameters preceding and following the similar
episode for the at least one other patient from at least one parameter database 110. These may be

certain vital sign measurements, for example, and may vary depending on the application.

[0071] Step 408 relates to the at least one patient of step 406. Step 408 involves categorizing

this patient into a control group or a positive group using at least some of the retrieved action

—12 —
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records. Categorizing the patient into the positive group may indicate the condition of the patient
is at risk of deterioration. Categorizing the patient into the control group may indicate the

condition of the patient is not at risk of deterioration.

[0072] Step 410 involves training at least one algorithm for deterioration detection utilizing
the retrieved physiological parameters for at least one patient in the positive group. This could
be an algorithm trained to use a combination of physiological parameters to detect a certain

condition, for example, respiratory illness.

[0073] Alarm management strategies are an important component of deterioration detection
and providing healthcare. As discussed previously, deterioration detection models may often
generate a score based on patients’ physiological parameters. Very essential to these types of
models are alarm management strategies that determine whether to present the score as a risk
indicator or an alarm. Additionally, the sensitivity and specificity of the alarm must be
appropriately tailored to best serve the users. Variables in the alarm management system may
include the user’s work patterns, their tolerance to false alarms, and how they would like the

alarm management system to be integrated into their workflow.

[0074] Presently, medical devices and software can generate various types of alarms in
healthcare institutions. These alerts may be issued if, for example, it is determined that a patient
has a health-related condition. Features of the present invention may monitor and record how

users respond to these alarms and their sequential actions.

[0075] When an alarm is signaled by a device or other software, the user tracker module 104
may record when (i.e., 7y) and how the user responds to the alarm. For example, the user may

accept or dismiss the alarm.

[0076] The alarm(s) may be communicated in a variety of ways. For example, if the user is
carrying a mobile device such as device 102b of FIG. 1, an alert may be presented to the user via
a written message, an auditory message, a haptic-based message, or some combination thereof.
Regardless of the device(s) used, alarms may be presented in writing, graphically (e.g., with

difference colors indicating severity of the alarm), or auditory.

[0077] FIG. 5 generally illustrates a series of steps that may be performed by an alarm

management module 116. As discussed above in connection with the deterioration detection

—13 —
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module 114, the user tracker module 104 may track medical orders placed in an EMR by users in
a § time window [#y, fp+5]. It may be assumed that in the § time window, users may place medical
orders to treat the emergent condition signaled by the alarm as well as perform other actions

(Step 500).

[0078] A series of criteria may be programmed to determine if the collection of actions taken
in the time window [#y, #5:s] indicate if the patient is at risk of deterioration (or some other
health-related condition) (Step 504). For example, ordering a certain dosage of a particular
medication may indicate that the patient is at risk. On the other hand, conducting no further tests

or ordering no medications may indicate that the patient is not at risk.

[0079] FIG. 5 illustrates a series of scenarios 508 in which an alarm 1s and isn’t issued, and,
if 1ssued whether the alarm is accepted or dismissed. The value of the alarm can be a false
positive (i.e., if the alarm is dismissed or ignored); true positive (if the alarm is accepted and
followed by medical interventions that indicate there is a risk), or a false positive (if the alarm 1s

accepted but not medical interventions are taken).

[0080] A false negative occurs when no alarm is signaled but there are medical interventions
that indicate risk. A true negative occurs when no alarm is signaled and there are no actions that

indicate or otherwise suggest there is a risk.

[0081] As in the deterioration detection module 114, the integrator module 112 may obtain
physiological parameters in a time window before #; [f9.a1, 9] (Step 512). Collectively, data from

thousands of episodes of thousands of patients may be integrated.

[0082] In this application, the alarm management module 116 may use the behavior-based
categorization as ground truth to separate alarms into different categories (i.e., true positive, false
positive, true negative, and false negative). The alarm management module 116 also uses the

physiological parameters as input to train new alarm management strategies.

[0083] As seen in FIG. 5, the output may be a new alarm system 516 in which the sensitivity
and specificity of the alarm is optimized by learning users’ behaviors. This outcome of the
integrator could be fed back into the system, tested, and then improved by taking several

iterations. The integrator module 112 could be programmed to utilize various types of data
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mining techniques, such as regression, decision trees, random forest, vector support machine,

and Bayesian methods.

[0084] FIG. 6 depicts a flow chart of a method 600 of behavior-trained alarm management in
accordance with one embodiment of the invention. For at least one indicator, step 602 nvolves
retrieving records of medical personnel actions preceding and following the indicator from at
least one records database. These records may be stored in the records database 106 of FIG. 1,

for example.

[0085] Step 604 involves using at least some of the retrieved action records to determine
whether the condition of the at least one patient is at risk of deterioration. This may be
determined by the analyzer module 108 of FIG. 1, for example. This determination may be
based on medical orders placed by users and/or other actions taken by users. For example, if a

user dismissed the indicator, then it is likely the patient’s condition is not at risk of deterioration.

[0086] Step 606 involves, for at least one other patient that experiences a similar indicator,
retrieving records of physiological parameters preceding and following the similar indicator from
at least one parameter database. These records of physiological parameters may be obtained

from the parameter database 110 of FIG. 1, for example.

[0087] Step 608 involves categorizing the similar indicator as a true positive, false positive,
true negative, or false negative using at least some of the retrieved action records. This

categorization may be made using the analyzer module 108 of FIG. 1, for example.

[0088] Step 610 involves training at least one algorithm utilizing the categorized indicator.
This may be accomplished by the integrator module 112 after integrating information regarding

the categorization and the physiological parameters.

[0089] FIG. 7 generally illustrates a series of steps that may be executed by the alarm
management module 116 in another embodiment of the invention. This specific embodiment
may be referred to as “non-alarm indicator management.” Non-alarm indicators have become
increasingly popular as they typically generate less noise and disruption in the healthcare

institution while still providing risk-related information.

[0090] In this embodiment, there are no alarms in the form of sound or light. However, the

non-alarm indicator may be displayed as a curve on a screen, for example. For example, the
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various I/O devices 102 of FIG. 1 may include an interface to present information graphically.
The curve may enter into a red zone when the score passes a high threshold, a yellow zone when
the score passes a medium threshold, and a green zone when the score is lower than a threshold.
In this embodiment, the indicator is presented in a user-friendly way while still providing helpful

information to a user.

[0091] As with the previously-discussed applications, the system tracks users’ actions in a
time window [#y, #y:5] after the non-alarm indicator passes a certain threshold. Similar to the
embodiment illustrated in FIG. 5, the value of the non-alarm indicator may be categorized 704
into true positive, false positive, true negative, and false negative. The system may then train a
new non-alarm indicator 708 by combining the behavior-based categorization of physiological

parameters.

[0092] This application can also learn more from users’ specific behaviors. Non-alarm
indicators are often based on continuous scores and do not force users to take action. The users’
behavior therefore may reflect their judgment as to when is the best time for medical

intervention.

[0093] For example, information such as the exact score when users start to take actions,
along with the difference between the time when the score enters a certain “zone” and the time
when users intervene may be analyzed. These parameters may be used to train a new non-alarm
indicator and a new set of alarm management strategies. For example, an alarm may be
communicated only when a score reaches a user-specific score (i.e., a score at which point a
specific user normally takes action). These features may also be implemented in the applications

and methods illustrated in FIGS. 5 and 6.

[0094] A third application is behavior-trained decision and navigation support. In this
application the system 100 may again track users’ movement across multiple platforms, such as
EMR, imaging software, and various other CDS tools. The information obtained by tracking
users’ movements may be used to train the system 100 to assist in future patient treatment

episodes.

[0095] FIG. 8 graphically illustrates a series of steps taken by the decision and navigation
support module 118. The user tracker module 104, for example, may monitor 804 when a user

switches from one page (p0) to another page (pl), the actions taken by user on each page, words
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entered on each page, time spent on each page, and subsequent actions taken by the user after
viewing each page. In this embodiment, a page may be an interface of software, a tab in
software, or any windows that can be opened as part of a software application. These

windows/tabs may be presented on an interface of a device 102.

[0096] They type of information analyzed may of course depend on the specific page the
user is viewing and interacting with. For example, the user tracker module 104 may track
diagnosis key words when physicians review reports 808 (e.g., progress reports, imaging
reports). It may also track key values and trends of lab tests 812 when the user is viewing the
EMR, vital signs and trends 816 when the user views/interacts with the vital sign tab, and
combinations of medications 820 when the user views/interacts with the medication

administration record tab.

[0097] The user tracker module 104 may also track medical orders placed by users 824, and
the analyzer module 108 may categorize the orders by behavior-based risk categorization 828.
Different types of information, collectively, from thousands of patients and users may be
integrated by the integrator module 112. The system 100 thus learns the mutual relationship
(e.g., timing logic relationship, physiological relationship, etc.) between various types of
information and may link them to train a new decision and navigation support tool. This, among
other things, may more quickly provide users with relevant information and suggest possible

courses of action.

[0098] FIG. 9 depicts a flow chart of a method 900 of behavior-trained decision support. For
at least one event, step 902 involves retrieving records of medical personnel actions preceding
and following the event from at least one records database. These records may be obtained from

the records database 106 of FIG. 1, for example.

[0099] Step 904 involves providing guidance to medical personnel using at least some of the
retrieved action records. This guidance may be presented to users or other interested parties via

interfaces of devices 102 of FIG. 2, for example.

[0100] FIG. 10 illustrates an exemplary application of the decision and navigation support
module 118. Section 1002 illustrates a series of steps that may be made in a training exercise or
in current healthcare practice when diagnosing and treating a patient. As can be seen, these steps

involve a nurse making observations about a patient, documenting the observations with the key

17 -



10

15

20

25

WO 2017/109683 PCT/IB2016/057802

words of “shortness of breath” and “chest pain,” and calling a physician. Afterwards, the
physician may study a patient’s EMR and order a series of tests. The physician may then have
further communication with the nurse, review tests, and order medications and/or conduct further

medical interventions.

[0101] Section 1004 essentially represents information extracted by the various modules of
the system 100 during the steps outlined in section 1002. In other words, the system 100 learns
from users’ actions from this particular scenario outlined in section 1002. This section 1004
summarizes, e.g., key words of symptoms, key words of history, actions taken, and types of

imaging viewed.

[0102] Section 1006 illustrates the outcome of the decision and navigation support module
118. Specifically, section 1006 outlines a series of automated steps that assist users in treating a
patient in future patient-treatment episodes. For example, say a user (nurse) notices a patient
having several symptoms and typed “shortness of breath” and “chest pain” into an I/O device
102. The decision and navigation support module 118 (i.e., a CDS platform) may recognize
these symptoms as indicative of a potentially serious condition that requires further attention

based on the scenario outlined in section 1002.

[0103] The decision and navigation support module 118 may then automatically pull the
physician’s number and present a “call” button. The nurse can then quickly call the physician
and update the physician regarding the observed symptoms. The decision and navigation support
module 118 may also present recommendations of a 12-lead EKG via an interface of an I/O
device 102, as these were the same orders that the physician made in 1002. The nurse or

physician can then place the order by just one click.

[0104] When the physician opens this particular patient’s EMR, a navigation bar may present
the physician with tabs so the physician may quickly access to Labs, Vitals, Meds, or the like.
Any test results may be uploaded (e.g., manually or automatically) to the patient’s EMR, and the
decision and navigation support module 118 may recommend several new medical interventions.
The decision and navigation support module 118 may suggest that the physician place the patient
on different medications, for example. The physician can choose form the list of suggestions

depending on their judgment of the patient’s condition.
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[0105] The methods, systems, and devices discussed above are examples. Various
configurations may omit, substitute, or add various procedures or components as appropriate.
For instance, in alternative configurations, the methods may be performed in an order different
from that described, and that various steps may be added, omitted, or combined. Also, features
described with respect to certain configurations may be combined in various other
configurations. Different aspects and elements of the configurations may be combined in a
similar manner. Also, technology evolves and, thus, many of the elements are examples and do

not limit the scope of the disclosure or claims.

[0106] Embodiments of the present disclosure, for example, are described above with
reference to block diagrams and/or operational illustrations of methods, systems, and computer
program products according to embodiments of the present disclosure. The functions/acts noted
in the blocks may occur out of the order as shown in any flowchart. For example, two blocks
shown in succession may in fact be executed substantially concurrent or the blocks may
sometimes be executed in the reverse order, depending upon the functionality/acts involved.
Additionally, or alternatively, not all of the blocks shown in any flowchart need to be performed
and/or executed. For example, if a given flowchart has five blocks containing functions/acts, it
may be the case that only three of the five blocks are performed and/or executed. In this

example, any of the three of the five blocks may be performed and/or executed.

[0107] A statement that a value exceeds (or is more than) a first threshold value is equivalent
to a statement that the value meets or exceeds a second threshold value that is slightly greater
than the first threshold value, e.g., the second threshold value being one value higher than the
first threshold value in the resolution of a relevant system. A statement that a value is less than
(or 1s within) a first threshold value is equivalent to a statement that the value is less than or
equal to a second threshold value that is slightly lower than the first threshold value, e.g., the
second threshold value being one value lower than the first threshold value in the resolution of

the relevant system.

[0108] Specific details are given in the description to provide a thorough understanding of
example configurations (including implementations). However, configurations may be practiced
without these specific details. For example, well-known circuits, processes, algorithms,

structures, and techniques have been shown without unnecessary detail in order to avoid
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obscuring the configurations. This description provides example configurations only, and does
not limit the scope, applicability, or configurations of the claims. Rather, the preceding
description of the configurations will provide those skilled in the art with an enabling description
for implementing described techniques. Various changes may be made in the function and

arrangement of elements without departing from the spirit or scope of the disclosure.

[0109] Having described several example configurations, various modifications, alternative
constructions, and equivalents may be used without departing from the spirit of the disclosure.
For example, the above elements may be components of a larger system, wherein other rules
may take precedence over or otherwise modify the application of various implementations or
techniques of the present disclosure. Also, a number of steps may be undertaken before, during,

or after the above elements are considered.

[0110] Having been provided with the description and illustration of the present application,
one skilled in the art may envision variations, modifications, and alternate embodiments falling
within the general inventive concept discussed in this application that do not depart from the
scope of the following claims. For example, the features of the invention may be implemented in
hospitals, physician offices, military camps, infirmaries, urgent care facilities, assisted living

environments, maternity wards, or the like.
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CLAIMS

What is claimed i1s:

1. A non-transitory computer-readable medium having instructions stored thereon for
performing a method of behavior-trained deterioration detection, the instructions operative on

one or more processors to perform operations comprising;

for at least one patient experiencing an episode, retrieving records of medical personnel
actions preceding and following the episode for the at least one patient from at least one records

database;

using at least some of the retrieved action records to determine whether the condition of

the at least one patient is at risk of deterioration;

for at least one other patient experiencing a similar episode, retrieving records of
physiological parameters preceding and following the similar episode for at least one other

patient from at least one parameter database;

categorizing the at least one other patient into a control group or a positive group using at

least some of the retrieved action records; and

training at least one algorithm for deterioration detection utilizing the retrieved

physiological parameters for at least one patient in the positive group.

2. The computer readable medium of claim 1 wherein the at least one records database is at
least one of an electronic medical record (EMR) system and a clinical decision support (CDS)

system.

3. The computer readable medium of claim 1 wherein the at least one parameter database is
at least one of an electronic medical record (EMR) system and a clinical decision support (CDS)

system.

4. The computer readable medium of claim 1 wherein the duration of the period preceding

and following the episode for the retrieval of action records depends on the episode.

5. The computer readable medium of claim 1 wherein the duration of the period preceding

and following the similar episode for the retrieval of parameter records depends on the episode.

21 —



10

15

20

25

WO 2017/109683 PCT/IB2016/057802

6. The computer readable medium of claim 1 wherein the training is selected from the group
consisting of regression, decision trees, random forest, vector support machine, and Bayesian

methods.

7. A non-transitory computer-readable medium having instructions stored thereon for
performing a method of behavior-trained alarm management, the instructions operative on one or

more processors to perform operations comprising:

for at least one indicator, retrieving records of medical personnel actions preceding and

following the indicator from at least one records database;

using at least some of the retrieved action records to determine whether the condition of

at least one patient is at risk of deterioration;

for at least one other patient experiencing a similar indicator, retrieving records of
physiological parameters preceding and following the similar indicator for at least one other

patient from at least one parameter database;

categorizing the similar indicator as a true positive, false positive, true negative, or false

negative using at least some of the retrieved action records; and
training at least one algorithm utilizing the categorized indicator.
8. The computer readable medium of claim 7 wherein the indicator is an alarm.

0. The computer readable medium of claim 7 wherein the at least one records database is at
least one of an electronic medical record (EMR) system and a clinical decision support (CDS)

system.

10. The computer readable medium of claim 7 wherein the at least one parameter database is
at least one of an electronic medical record (EMR) system and a clinical decision support (CDS)

system.

11. The computer readable medium of claim 7 wherein the duration of the period preceding

and following the indicator for the retrieval of action records depends on the episode.

12. The computer readable medium of claim 7 wherein the duration of the period preceding

and following the similar indicator for the retrieval of parameter records depends on the episode.
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13. The computer readable medium of claim 7 wherein the training is selected from the group
consisting of regression, decision trees, random forest, vector support machine, and Bayesian
methods.

14. A non-transitory computer-readable medium having instructions stored thereon for
performing a method of behavior-trained decision support, the instructions operative on one or

more processors to perform operations comprising:

for at least one event, retrieving records of medical personnel actions preceding and

following the event from at least one records database; and

providing guidance to medical personnel using at least some of the retrieved action

records.
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INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2016/057802

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6F19/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

8 May 2014 (2014-05-08)
abstract
paragraph [0015]

claims 1, 35

paragraph [0101] - paragraph [0109]

_/__

X WO 2014/071145 Al (UNIV CHICAGO [US]) 1-13

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

10 March 2017

Date of mailing of the international search report
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Name and mailing address of the ISA/
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

YI MAO ET AL: "Medical Data Mining for
Early Deterioration Warning in General
Hospital Wards",

DATA MINING WORKSHOPS (ICDMW), 2011 IEEE
11TH INTERNATIONAL CONFERENCE ON, IEEE,
11 December 2011 (2011-12-11), pages
1042-1049, XP032100183,

DOI: 10.1109/I1CDMW.2011.117

ISBN: 978-1-4673-0005-6

abstract

I. Introduction;

page 1042 - page 1043

A. Workflow of the EWS System;

page 1044

VI Conclusion;

page 1048 - page 1049

STEVEN W. THIEL ET AL: "Early prediction
of septic shock in hospitalized patients",
JOURNAL OF HOSPITAL MEDICINE,

vol. 5, no. 1, 8 January 2010 (2010-01-08)
, pages 19-25, XP055352065,

Hoboken, NJ

ISSN: 1553-5592, DOI: 10.1002/jhm.530
abstract

Section "Patient Enrollment and Data
Collection";

page 20

page 20; table 1

Section "Statistical Analysis";

page 20 - page 21

WO 2013/093692 A2 (KONINKL PHILIPS
ELECTRONICS NV [NL])

27 June 2013 (2013-06-27)

abstract

sentence 1 - sentence 9

claim 6

WO 2007/052213 A2 (KONINKL PHILIPS
ELECTRONICS NV [NL]; WEIDENHAUPT KLAUS
[DE]; LAGOR CHA) 10 May 2007 (2007-05-10)
page 3, line 29 - page 5, line 2
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International application No.
INTERNATIONAL SEARCH REPORT PCT/1B2016/057802
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-13
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ 1B2016/ 057802

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-13

Computer product for training an algorithm for predicting an
alarm or a condition deterioration based on physiological
parameters and records of clinical actions

2. claim: 14

Computer product for providing clinical guidance related to
an event bhased on a record of clinical actions
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WO 2013093692 A2 27-06-2013 CN 104040547 A 10-09-2014
EP 2795495 A2 29-10-2014
JP 2015501058 A 08-01-2015
US 2015006088 Al 01-01-2015
WO 2013093692 A2 27-06-2013
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JP 5238507 B2 17-07-2013
JP 2009514087 A 02-04-2009
US 2008235057 Al 25-09-2008
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