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DESCRIPTION

Description

BACKGROUND OF THE INVENTION

[0001] The present invention, in some embodiments thereof, relates to systems and methods
for analyzing laboratory tests and, more specifically, but not exclusively, to systems and
methods for enhancing laboratory testing.

[0002] A laboratory information system (LIS) is an information management system that
manages automated laboratory testing equipment, and stores the generated test results in a
database.

[0003] EP1 147423 A1 relates to a method for predicting haemostatic dysfunction from at least
one time-dependent measurement profile. According to the taught laboratory test analysis
method, if the predicted congenital or acquired imbalance or therapeutic condition is an
abnormal condition, one or more assays for confirming the existence of the abnormal condition
are automatically performed on the automated analyzer.

SUMMARY OF THE INVENTION

[0004] The invention is defined by the independent claims. Preferred embodiments are defined
in the dependent claims.

[0005] According to a first aspect, a method of providing a client terminal with at least one
computed pathological indication in response to current laboratory test results of a patient,
comprises: receiving by a computing system associated with a database storing a plurality of
classifiers, from at least one automated laboratory testing device and via a network, a plurality
of current laboratory test results calculated based on an automated analysis of at least one
laboratory sample collected from a target individual, automatically selecting at least one
classifier from the plurality of classifiers according to a set-of-rules that analyze the plurality of
current laboratory test results and select relevant classifiers; wherein plurality of classifiers that
each compute a respective computed pathological indication from a set of current laboratory
test results are trained based on a plurality of historical laboratory test results and at least one
additional patient parameter, obtained from electronic medical records of other patients,
wherein the training of the plurality of classifiers is performed using the historical laboratory test
results and the at least one patient parameter as desired input, and values of the computed
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pathological indication which denote the output of the respective classifier, wherein the current
laboratory test results and the historical laboratory test results include blood tests and/or urine
tests; wherein the training of the plurality of classifiers is performed using one or more machine
learning methods, including K-Nearest neighbors (KNN), random forest, weighted linear
regression, neural network, decision trees, and Bayes; obtaining at least one additional patient
parameter of the target individual according to the selected at least one classifier; determining
at least one additional laboratory test according to a mapping and/or a set-of-rules that define
which laboratory tests are used as input for the selected classifier, wherein laboratory tests
used for input into the selected at least one classifier are compared to the current laboratory
test results to determine missing tests, wherein the at least one additional laboratory test is
defined according to the missing tests; transmitting a message to the at least one automatic
testing device for automatic execution by at least one second automatic laboratory testing
device on the at least one laboratory sample of the at least one additional laboratory test;
wherein the at least one second automatic laboratory testing device executes the at least one
additional laboratory test selected from a group including: liver function test, renal function test,
diabetic associated test, complete blood count (CBC), blood coagulation test, urinalysis,
biochemistry test, electrolyte test, blood gas test, blood glucose level, and cell analysis,
according to the message on at least a portion of the at least one laboratory sample of blood
and/or urine collected from the target individual and tested by the automatic laboratory testing
device, to obtain at least one additional laboratory test result; inputting the current laboratory
test results and the at least one additional laboratory test result and the at least one additional
patient parameter, into the selected at least one classifier, wherein the at least one classifier
outputs at least one computed pathological indication; and outputting the value of the at least
one computed pathological indication for presentation by the client terminal, wherein the value
of the at least one computed pathological indication is indicative of a state of the patient, and
denotes an aggregation of the plurality of current laboratory test results, and the at least one
additional laboratory test result, and the at least one additional patient parameter.

[0006] According to a second aspect, a system for providing a client terminal with at least one
computed pathological indication in response to current laboratory test results of a patient,
comprises: a non-transitory memory having stored thereon a code for execution by at least
one hardware processor of a computing device associated with a database storing a plurality
of classifiers and associated with at least one automated laboratory testing device via a
network, the code comprising: code for receiving a plurality of current laboratory test results
calculated based on an automated analysis of at least one laboratory sample collected from a
target individual; code for automatically selecting at least one classifier from the plurality of
classifiers according to a set-of-rules that analyze the plurality of current laboratory test results
and select relevant classifiers, wherein plurality of classifiers that each compute a respective
computed pathological indication from a set of current laboratory test results are trained based
on a plurality of historical laboratory test results and at least one additional patient parameter,
obtained from electronic medical records of other patients, wherein the training of the plurality
of classifiers is performed using the historical laboratory test results and the at least one
patient parameter as desired input, and values of the computed pathological indication which
denote the output of the respective classifier, wherein the current laboratory test results and
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the historical laboratory test results include blood tests and/or urine tests; wherein the training
of the plurality of classifiers is performed using one or more machine learning methods,
including K-Nearest neighbors (KNN), random forest, weighted linear regression, neural
network, decision trees, and Bayes; code for obtaining at least one additional patient
parameter of the target individual according to the selected at least one classifier; code for
determining at least one additional laboratory test according to a mapping and/or a set-of-rules
that define which laboratory tests are used as input for the selected classifier, wherein
laboratory tests used for input into the selected at least one classifier are compared to the
current laboratory test results to determine missing tests, wherein the at least one additional
laboratory test is defined according to the missing tests; code for transmitting a message to the
at least one automatic testing device for automatic execution by at least one second automatic
laboratory testing device on the at least one laboratory sample of the at least one additional
laboratory test; wherein the at least one second automatic laboratory testing device executes
the at least one additional laboratory test selected from a group including: liver function test,
renal function test, diabetic associated test, complete blood count (CBC), blood coagulation
test, urinalysis, biochemistry test, electrolyte test, blood gas test, blood glucose level, and cell
analysis, according to the message on at least a portion of the at least one laboratory sample
of blood and/or urine collected from the target individual and tested by the automatic laboratory
testing device, to obtain at least one additional laboratory test result; code for inputting the
current laboratory test results and the at least one additional laboratory test result and the at
least one additional patient parameter, into the selected at least one classifier, wherein the at
least one classifier outputs at least one computed pathological indication; and code for
outputting the value of the at least one computed pathological indication for presentation by the
client terminal, wherein the value of the at least one computed pathological indication is
indicative of a state of the patient, and denotes an aggregation of the plurality of current
laboratory test results, and the at least one additional laboratory test result, and the at least
one additional patient parameter.

[0007] According to a third, non-claimed aspect, a computer program product for providing a
client terminal with at least one computed pathological indication in response to current
laboratory test results of a patient, comprises: a non-transitory memory having stored thereon
a code for execution by at least one hardware processor of a computing device associated with
a database storing a plurality of classifiers and associated with at least one automated
laboratory testing device via a network, the code comprising: instructions for receiving a
plurality of current laboratory test results calculated based on an automated analysis of at least
one laboratory sample collected from a target individual; instructions for automatically selecting
at least one classifier from the plurality of classifiers according to a set-of-rules that analyze the
plurality of current laboratory test results and select relevant classifiers, wherein plurality of
classifiers that each compute a respective computed pathological indication from a set of
current laboratory test results are trained based on a plurality of historical laboratory test
results and at least one additional patient parameter, obtained from electronic medical records
of other patients, wherein the training of the plurality of classifiers is performed using the
historical laboratory test results and the at least one patient parameter as desired input, and
values of the computed pathological indication which denote the output of the respective
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classifier, wherein the current laboratory test results and the historical laboratory test results
include blood tests and/or urine tests; wherein the training of the plurality of classifiers is
performed using one or more machine learning methods, including K-Nearest neighbors
(KNN), random forest, weighted linear regression, neural network, decision trees, and Bayes;
instructions for obtaining at least one additional patient parameter of the target individual
according to the selected at least one classifier; instructions for determining at least one
additional laboratory test according to a mapping and/or a set-of-rules that define which
laboratory tests are used as input for the selected at least one classifier, wherein laboratory
tests used for input into the selected at least one classifier are compared to the current
laboratory test results to determine missing tests, wherein the at least one additional laboratory
test is defined according to the missing tests; instructions for transmitting a message to the at
least one automatic testing device for automatic execution by at least one second automatic
laboratory testing device on the at least one laboratory sample of the at least one additional
laboratory test; wherein the at least one second automatic laboratory testing device executes
the at least one additional laboratory test selected from a group including: liver function test,
renal function test, diabetic associated test, complete blood count (CBC), blood coagulation
test, urinalysis, biochemistry test, electrolyte test, blood gas test, blood glucose level, and cell
analysis, according to the message on at least a portion of the at least one laboratory sample
of blood and/or urine collected from the target individual and tested by the automatic laboratory
testing device, to obtain at least one additional laboratory test result; instructions for inputting
the current laboratory test results and the at least one additional laboratory test result and the
at least one additional patient parameter, into the selected at least one classifier, wherein the
at least one classifier outputs at least one computed pathological indication; and instructions
for outputting the value of the at least one computed pathological indication for presentation by
the client terminal, wherein the value of the at least one computed pathological indication is
indicative of a state of the patient, and denotes an aggregation of the plurality of current
laboratory test results, and the at least one additional laboratory test result, and the at least
one additional patient parameter.

[0008] The systems and/or methods and/or code instructions described herein provide a
technical solution to the technical problem of analyzing multiple individual laboratory test
results to obtain an overall indication of the patient. In particular, the technical problem relates
to aggregating the multiple individual laboratory test results in an object manner to obtain an
overall objective measure indicative of the state of the patient and/or predicting a future state
of the patient.

[0009] For example, current liver function or a prediction of liver failure may be obtained by the
following tests: AST, ALT, AST/ALT, aPTT, albumin, bilirubin (direct and indirect), history of
alcohol consumption, history of use of hepatotoxic substances, and presence of ascites. The
clinician subjectively and manually integrates the test results in their head based on clinical
experience, to estimate the severity of liver injury. Monitoring improvement or degradation in
the condition of the patient by repeating the multiple tests is difficult and subjective.

[0010] Moreover, analysis of multiple test results, in particular changes between values over
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tests conducted over multiple periods of time, is difficult. A situation that is especially
challenging arises when the values of the test results fall within normal ranges, but a pattern of
multiple tests results, and/or a trend and/or velocity in change of values over time may be
indicative of the existence or developing medical problem that is otherwise hidden. Moreover,
tests that would otherwise seem clinically irrelevant in isolation may not be requested by the
clinician, for example, when the clinician is unable to appreciate the significant of the additional
test in combination with the standard set of tests usually ordered for evaluation of the clinical
indication.

[0011] The systems and/or methods and/or code instructions described herein utilize currently
obtained laboratory sample(s) in the current round of automated laboratory tests to compute
the computed pathological indication(s), which reduces or prevents additional future automated
testing cycles that might otherwise arise, for example, by the treating physician ordering
another set of tests that are performed during another round of automated testing. The testing
efficiency of the automated laboratory testing equipment is improved.

[0012] In a further implementation form of the first, second, and third aspects, each of the
plurality of classifiers computes a respective computed pathological indication from a subset of
current laboratory test results to generate a clinical indication of at least one of: normal
biological processes, pathogenic processes, and pharmacological responses to a therapeutic
intervention.

[0013] In a further implementation form of the first, second, and third aspects, the at least one
computed pathological indication denotes an aggregation of the respective subset of current
laboratory test results, wherein at least one member of the subset of current laboratory test
results is statistically insignificantly correlated with the clinical indication denoted by the
evaluated at least one computed pathological indication.

[0014] In a further implementation form of the first, second, and third aspects, the method
further comprises and/or the processor is further configured to and/or the computer program
product includes additional instructions for obtaining the at least one additional patient
parameter, comprising: determining according to an analysis of the plurality of current
laboratory test results, at least one additional patient parameter of the target individual for
application of the selected at least one classifier, and accessing a clinical data repository
database to obtain a value of at least one additional patient parameter of the target individual.

[0015] In a further implementation form of the first, second, and third aspects, the at least one
additional patient parameter is selected from the group consisting of: a previous measurement
of at least one of the plurality of current laboratory test results, a demographic parameter, a
medical diagnosis, a smoking parameter, a medication use parameter, a family history
parameter, a genetic parameter, a medical history parameter, and a physical exam finding
parameter.

[0016] In a further implementation form of the first, second, and third aspects, the method
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further comprises and/or the processor is further configured to and/or the computer program
product includes additional instructions for computing a change in the value of at least one of
the plurality of current laboratory test results and at least one previous value of the at least one
of the plurality of current laboratory test results, and applying the selected at least one
classifier to the computed change in the value.

[0017] In a further implementation form of the first, second, and third aspects, the method
further comprises and/or the processor is further configured to and/or the computer program
product includes additional instructions for analyzing the value of the at least one computed
pathological indication according to a set-of-rules in view of the indication of values of the
plurality of current laboratory test results to detect an aberration from an expected value of the
at least one computed pathological indication, and generating an alert on a client terminal
indicative of the detected aberration.

[0018] In a further implementation form of the first, second, and third aspects, the method
further comprises and/or the processor is further configured to and/or the computer program
product includes additional instructions for storing the value of the at least one computed
pathological indication in an electronic medical record (EMR) of the target individual.

[0019] In a further implementation form of the first, second, and third aspects, the value of the
at least one computed pathological indication is presented as an entry of a report of the values
of the plurality of current laboratory test.

[0020] In a further implementation form of the first, second, and third aspects, the value of the
at least one computed pathological indication is indicative of early detection of cancer.

[0021] In a further implementation form of the first, second, and third aspects, the value of the
at least one computed pathological indication is indicative of a prediction of liver disease based
on current laboratory tests indicative of liver function.

[0022] In a further implementation form of the first, second, and third aspects, the value of the
at least one computed pathological indication is indicative of a prediction of renal failure based
on current laboratory tests indicative of renal function.

[0023] In a further implementation form of the first, second, and third aspects, the value of the
at least one computed pathological indication is indicative of a diabetes monitoring score based
on current laboratory tests indicative of adverse diabetic effects.

[0024] In a further implementation form of the first, second, and third aspects, the value of the
at least one computed pathological indication is indicative of a prediction of rehospitalization.

[0025] In a further implementation form of the first, second, and third aspects, the value of the
at least one computed pathological indication is indicative of sepsis.
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[0026] In a further implementation form of the first, second, and third aspects, the value of the
at least one computed pathological indication is indicative of organ specific deterioration,
selected from the group consisting of: acute kidney injury (AKI), acute liver failure (ALF), and
acute heart failure (AHF).

[0027] In a further implementation form of the second aspect, the computing device is in
network communication with a laboratory information system (LIS) server over a laboratory
network implementing a health level-7 (HL7) communication standard, wherein the LIS server
is in communication with the at least one automated laboratory testing device and the at least
one second automated laboratory testing device, wherein the indication of values of the
plurality of current laboratory test results and the second indication of the second value of the
at least one additional laboratory test result is received by the computing device from the LIS
server, and the value of the at least one computed pathological indication is provided by the
computing device to the LIS server.

[0028] Unless otherwise defined, all technical and/or scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the
invention pertains. Although methods and materials similar or equivalent to those described
herein can be used in the practice or testing of embodiments of the invention, exemplary
methods and/or materials are described below. In case of conflict, the patent specification,
including definitions, will control. In addition, the materials, methods, and examples are
illustrative only and are not intended to be necessarily limiting.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0029] Some embodiments of the invention are herein described, by way of example only, with
reference to the accompanying drawings. With specific reference now to the drawings in detail,
it is stressed that the particulars shown are by way of example and for purposes of illustrative
discussion of embodiments of the invention. In this regard, the description taken with the
drawings makes apparent to those skilled in the art how embodiments of the invention may be
practiced.

[0030] In the drawings:

FIG. 1 is a flowchart of a method of computing computed pathological indication(s) based on
current laboratory test results and additional determined laboratory test(s) results, in
accordance with some embodiments of the present invention;

FIG. 2 is a block diagram of components of a system for computing the computed pathological
indication(s) based on current laboratory test results and additional determined laboratory
test(s) results, in accordance with some embodiments of the present invention;

FIG. 3 is a schematic of an exemplary enhanced report presenting results of evaluated
computed pathological indication(s), in accordance with some embodiments of the present
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invention;

FIG. 4 is a schematic depicting a scenario in which computation of the computed pathological
indication suggests a medical problem that might otherwise remain hidden, in accordance with
some embodiments of the present invention; and

FIG. 5 is a schematic of an exemplary architecture that computes computed pathological
indication(s), in accordance with some embodiments of the present invention.

DETAILED DESCRIPTION

[0031] The present invention, in some embodiments thereof, relates to systems and methods
for analyzing laboratory tests and, more specifically, but not exclusively, to systems and
methods for enhancing laboratory testing.

[0032] An aspect of some embodiments of the present invention relates to systems, methods,
and/or code instructions stored in a data storage device executable by one or more
processors, for determining and automatically executing one or more other laboratory tests in
addition to received multiple current laboratory test results obtained by one or more automated
laboratory testing device(s) that automatically analyze a laboratory sample (e.g., blood, urine)
of a target individual. The additional laboratory tests are performed by one or more other
automated laboratory testing devices that automatically analyze at least a portion of the
original laboratory sample of the target individual. One or more classifiers are selected
according to the current laboratory test results. The additional laboratory tests are selected
according to the selected classifiers and/or according to an analysis of the current laboratory
test results. The selected classifier(s) are applied to the current laboratory test results and to
the additional laboratory test resuli(s) to compute one or more computed pathological
indications.

[0033] Each computed pathological indication is an indication of a normal biological process
(e.g., rehospitalization, risk of complications in an otherwise normal pregnancy in a low-risk
woman) a pathogenic process (e.g., diabetes monitoring, early stage cancer, an indication of a
prediction of liver disease, an indication of a prediction of a decrease in renal function, and an
indication of an acute medical condition such as sepsis or acute kidney injury), and/or a
pharmacological response to a therapeutic intervention (e.g., improvement in diabetic state in
response to diabetic management and/or treatment with diabetic medications, risk of adverse
side effects secondary to drug treatment).

[0034] Each computed pathological indication denotes an aggregated result of the multiple
individual laboratory test results. The individual laboratory test results, each taken in isolation,
may not necessarily be statistically significantly correlated with the computed pathological
indication.
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[0035] Optionally, one or more (e.g., each) of the laboratory test results is statistically
insignificantly correlated with the evaluated clinical indication denoted by the computed
pathological indication. When taken in isolation, one or more of the individual laboratory test
result(s) cannot be used to infer the evaluated clinical indication denoted by the computed
pathological indication. One or more of the individual test results may be irrelevant (e.g., to a
clinician) when taken in isolation to try and arrive at the value of the computed pathological
indication.

[0036] Such tests that may seem irrelevant and are omitted by the user (e.g., physician) that
requested the original set of current laboratory tests are automatically added and executed as
additional tests. For example, blood sodium may be ordered by the clinician suspecting
diabetic ketoacidosis, but not necessarily by a family physician evaluating diabetic monitoring
of a clinically stable patient. However, the value of the blood sodium concentration may be
determined as being relevant as input by a classifier in computing a computed pathological
indication indicative of the overall diabetic state of the patient, which may predict risk of
complications in clinically stable patients. The blood sodium concentration test may be
automatically added and executed in addition to the tests ordered by the family physician
evaluating diabetic monitoring of the clinically stable patient.

[0037] Instructions for automatic execution of the additional laboratory test(s) are automatically
generated based on an analysis of the set of current laboratory test results and/or in view of
the selected classifier(s) that computes computed pathological indication(s) and/or in view of
the selected computed pathological indication(s) (e.g., when the computed pathological
indication(s) are manually requested by a user via a user interface of a client terminal). For
example, when the classifier outputs a computed pathological indication indicative of a
prediction of liver failure, and the set of blood tests results include AST (aspartate
transaminase) and ALT (alanine transaminase), the PT/INR (prothrombin time, international
normalized ratio) test may be automatically executed as another measure of liver function,
which is processed by the classifier. The same laboratory sample (e.g., a portion thereof) may
be used to perform the additional testing.

[0038] The additional test may be clinically irrelevant to the clinical indication when taken in
isolation, but used by the classifier in evaluating the computed pathological indication. For
example, blood sodium concentration may be irrelevant to the prediction of liver failure in
isolation (e.g., would not necessarily be ordered by a clinician trying to predict liver failure in a
patient that is clinically stable and not experiencing ascites) but may be automatically ordered
to be evaluated by the classifier computing the computed pathological indication indicative of
liver failure prediction.

[0039] One or more patient parameters are obtained, optionally from an electronic medical
record (EMR) of the patient. The EMR may be accessed directly, and/or via a clinical data
repository (CDR) database. The patient parameters are obtained according to the selected
classifier.
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[0040] For example, when the classifier computes the computed pathological indication
indicative of the prediction of liver failure, the amount of alcohol that the patient reportedly
consumes is obtained from the EMR and used by the classifier to predict liver failure. In
another example, the patient parameters include a change from the previous laboratory test
result.

[0041] The classifier may analyze the trend in changes of laboratory tests results to obtain an
indication of overall improvement or deterioration in the patient. For example, the individual
laboratory tests results may be normal with an abnormal trend, or the individual laboratory
tests results may be abnormal but with an improving trend. The additional patient parameters
may be clinically irrelevant to the clinical indication when taken in isolation, but used by the
classifier in evaluating the computed pathological indication.

[0042] The systems and/or methods and/or code instructions described herein provide a
technical solution to the technical problem of analyzing multiple individual laboratory test
results to obtain an overall indication of the patient. In particular, the technical problem relates
to aggregating the multiple individual laboratory test results in an object manner to obtain an
overall objective measure indicative of the state of the patient and/or predicting a future state
of the patient.

[0043] For example, current liver function or a prediction of liver failure may be obtained by the
following tests: AST, ALT, AST/ALT, aPTT, albumin, bilirubin (direct and indirect), history of
alcohol consumption, history of use of hepatotoxic substances, and presence of ascites. The
clinician subjectively and manually integrates the test results in their head based on clinical
experience, to estimate the severity of liver injury.

[0044] Monitoring improvement or degradation in the condition of the patient by repeating the
multiple tests is difficult and subjective. Moreover, analysis of multiple test results, in particular
changes between values over tests conducted over multiple periods of time, is difficult. A
situation that is especially challenging arises when the values of the test results fall within
normal ranges, but a pattern of multiple tests results, and/or a trend and/or velocity in change
of values over time may be indicative of the existence or developing medical problem that is
otherwise hidden. Moreover, tests that would otherwise seem clinically irrelevant in isolation
may not be requested by the clinician, for example, when the clinician is unable to appreciate
the significant of the additional test in combination with the standard set of tests usually
ordered for evaluation of the clinical indication.

[0045] The systems and/or methods and/or code instructions described herein utilize currently
obtained laboratory sample(s) in the current round of automated laboratory tests to compute
the computed pathological indication(s), which reduces or prevents additional future automated
testing cycles that might otherwise arise, for example, by the treating physician ordering
another set of tests that are performed during another round of automated testing. The testing
efficiency of the automated laboratory testing equipment is improved.
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[0046] The systems and/or methods and/or code instructions described herein generate new
data in the form of the computed computed pathological indication(s), which may be presented
as an additional entry in the report presenting the values of the laboratory tests, and/or may be
stored in the EMR of the patient for future analysis and/or monitoring.

[0047] The systems and/or methods and/or code instructions described herein improve an
underlying process within the technical field of laboratory information systems, in particular,
within the field of automated laboratory testing.

[0048] The systems and/or methods and/or code instructions described herein do not simply
describe the computation of the computed pathological indication(s) using a mathematical
operation and receiving and storing data, but combine the acts of using outputs of automated
laboratory testing device(s), generating instructions to perform additional laboratory test(s)
using other automated laboratory testing device(s), and patient medical data optionally stored
in EMRs hosted by a database stored on a data storage device, to aggregate individual
laboratory testing results into a single objective metric. By this, the systems and/or methods
and/or code instructions stored in a storage device executed by one or more processors
described here go beyond the mere concept of simply retrieving and combining data using a
computer.

[0049] The systems and/or methods and/or code instructions described herein are tied to
physical real-life components, including one or more of: automated laboratory testing
equipment, physical user interfaces (e.g., display), a data storage device storing patient data,
and a hardware processor(s) that execute code instructions to compute the computed
pathological indication(s).

[0050] Accordingly, the systems and/or methods and/or code instructions described herein are
inextricably tied to computing technology and/or physical components to overcome an actual
technical problem arising in laboratory information system management.

[0051] Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not necessarily limited in its application to the details of
construction and the arrangement of the components and/or methods set forth in the following
description and/or illustrated in the drawings and/or the Examples. The invention is capable of
other embodiments or of being practiced or carried out in various ways.

[0052] The present invention may be a system, a method, and/or a computer program
product. The computer program product may include a computer readable storage medium (or
media) having computer readable program instructions thereon for causing a processor to
carry out aspects of the present invention.

[0053] The computer readable storage medium can be a tangible device that can retain and
store instructions for use by an instruction execution device. The computer readable storage
medium may be, for example, but is not limited to, an electronic storage device, a magnetic
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storage device, an optical storage device, an electromagnetic storage device, a semiconductor
storage device, or any suitable combination of the foregoing.

[0054] A non-exhaustive list of more specific examples of the computer readable storage
medium includes the following: a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory (SRAM), a portable compact disc
read-only memory (CD-ROM), a digital versatile disk (DVD), a memory stick, a floppy disk, and
any suitable combination of the foregoing.

[0055] A computer readable storage medium, as used herein, is not to be construed as being
transitory signals per se, such as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a waveguide or other transmission media
(e.g., light pulses passing through a fiber-optic cable), or electrical signals transmitted through
a wire.

[0056] Computer readable program instructions described herein can be downloaded to
respective computing/processing devices from a computer readable storage medium or to an
external computer or external storage device via a network, for example, the Internet, a local
area network, a wide area network and/or a wireless network. The network may comprise
copper transmission cables, optical transmission fibers, wireless transmission, routers,
firewalls, switches, gateway computers and/or edge servers. A network adapter card or
network interface in each computing/processing device receives computer readable program
instructions from the network and forwards the computer readable program instructions for
storage in a computer readable storage medium within the respective computing/processing
device.

[0057] Computer readable program instructions for carrying out operations of the present
invention may be assembler instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions, microcode, firmware instructions, state-
setting data, or either source code or object code written in any combination of one or more
programming languages, including an object oriented programming language such as
Smalltalk, C++ or the like, and conventional procedural programming languages, such as the
"C" programming language or similar programming languages.

[0058] The computer readable program instructions may execute entirely on the user's
computer, partly on the user's computer, as a stand-alone software package, partly on the
user's computer and partly on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be connected to the user's computer
through any type of network, including a local area network (LAN) or a wide area network
(WAN), or the connection may be made to an external computer (for example, through the
Internet using an Internet Service Provider).

[0059] In some embodiments, electronic circuitry including, for example, programmable logic
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circuitry, field-programmable gate arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by utilizing state information of the
computer readable program instructions to personalize the electronic circuitry, in order to
perform aspects of the present invention.

[0060] Aspects of the present invention are described herein with reference to flowchart
illustrations and/or block diagrams of methods, apparatus (systems), and computer program
products according to embodiments of the invention. It will be understood that each block of
the flowchart illustrations and/or block diagrams, and combinations of blocks in the flowchart
illustrations and/or block diagrams, can be implemented by computer readable program
instructions.

[0061] These computer readable program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions, which execute via the processor of
the computer or other programmable data processing apparatus, create means for
implementing the functions/acts specified in the flowchart and/or block diagram block or blocks.

[0062] These computer readable program instructions may also be stored in a computer
readable storage medium that can direct a computer, a programmable data processing
apparatus, and/or other devices to function in a particular manner, such that the computer
readable storage medium having instructions stored therein comprises an article of
manufacture including instructions which implement aspects of the function/act specified in the
flowchart and/or block diagram block or blocks.

[0063] The computer readable program instructions may also be loaded onto a computer,
other programmable data processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other programmable apparatus or other
device to produce a computer implemented process, such that the instructions which execute
on the computer, other programmable apparatus, or other device implement the functions/acts
specified in the flowchart and/or block diagram block or blocks.

[0064] The flowchart and block diagrams in the Figures illustrate the architecture, functionality,
and operation of possible implementations of systems, methods, and computer program
products according to various embodiments of the present invention. In this regard, each block
in the flowchart or block diagrams may represent a module, segment, or portion of instructions,
which comprises one or more executable instructions for implementing the specified logical
function(s). In some alternative implementations, the functions noted in the block may occur
out of the order noted in the figures.

[0065] For example, two blocks shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in the reverse order, depending upon
the functionality involved. It will also be noted that each block of the block diagrams and/or
flowchart illustration, and combinations of blocks in the block diagrams and/or flowchart
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illustration, can be implemented by special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of special purpose hardware and
computer instructions.

[0066] Reference is now made to FIG. 1, which is a flowchart of a method of computing
computed pathological indication(s) based on current laboratory test results and additional
determined laboratory test(s) results, in accordance with some embodiments of the present
invention. Reference is also made to FIG. 2, which is a block diagram of components of a
system 200 for computing the computed pathological indication(s) based on current laboratory
test results and additional determined laboratory test(s) results, in accordance with some
embodiments of the present invention. System 200 may implement the acts of the method
described with reference to FIG. 1, by processor(s) 202 of a computing device 204 executing
code instructions stored in a program store 206.

[0067] Computing device 204 receives laboratory test results outputted by laboratory testing
device(s) 208 that measure different substances in the laboratory sample and/or other
characteristics, optionally in multiple samples, optionally quickly, and automatically (may
include minimal human assistance), according to instructions code (e.g., compliant with
laboratory information systems (LIS)). Exemplary laboratory testing devices 208 include: an
automated complete blood count (CBC) analyzer, an automated urine analyzer machine, an
automated coagulation analyzer, an automated biochemistry analyzer, an automated
electrolyte analyzer, an automated blood gas analyzer, an automated blood glucose meter,
and an automated cell imaging system.

[0068] Laboratory testing devices 208 may be connected using a laboratory network 214. The
laboratory test results may be provided directly from laboratory testing devices 208 to
computing device 204 (optionally via laboratory network 214 connected to a laboratory network
interface 210 associated with computing device 204). The laboratory test results may be
collected by laboratory information systems (LIS) server 220 (e.g., over laboratory network
214) from laboratory testing devices 208. Computing device 204 may be provided with the
laboratory test results from LIS server 220.

[0069] Computing device 204 receives the laboratory test results from laboratory testing
device(s) 208 via one or more laboratory network interfaces 210, for example, a network
interface, a wire connection, a wireless connection, other physical interface implementations,
and/or virtual interfaces (e.g., software interface, application programming interface (API),
software development kit (SDK)). Laboratory network interface 210 may implement a
healthcare communication protocol, for example, health level-7 (HL7).

[0070] Computing device 204 may be integrated with an existing LIS server 220, for example,
as a separate computing device that communicates with LIS server over a network and/or via a
direct connection, as code instructions that are stored in a data storage device of the LIS
server and executed by processor(s) of the LIS server, and/or as a hardware unit that is
integrated with LIS server, for example a hardware card or chip that is plugged into the
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hardware of the LIS server.

[0071] Computing device 204 may be implemented as, for example, a client terminal, a server,
software loaded on an existing LIS server, a computing cloud, a mobile device, a desktop
computer, a thin client, a Smartphone, a Tablet computer, a laptop computer, a wearable
computer, glasses computer, and a watch computer. Computing device 204 may include locally
stored software that performs one or more of the acts described with reference to FIG. 1,
and/or may act as one or more servers (e.g., network server, web server, a computing cloud)
that provides services (e.g., one or more of the acts described with reference to FIG. 1) to one
or more client terminals 212 over a network(optionally network 214), for example, providing
software as a service (SaaS) to the client terminal(s) 212, providing an application for local
download to the client terminal(s) 212, and/or providing functions via a remote access session
to the client terminals 212, such as through a web browser and/or application stored on a
Mobile device.

[0072] Client terminals 212 accessing computing device 204 may include one or more of. a
server, a computing cloud, a mobile device, a desktop computer, a thin client, a Smartphone, a
Tablet computer, a laptop computer, a wearable computer, glasses computer, and a watch
computer. For example, a physician or patient accessing a report presenting the current
laboratory test results and computed pathological indication(s).

[0073] Processor(s) 202 of computing device 204 may be implemented, for example, as a
central processing unit(s) (CPU), a graphics processing unit(s) (GPU), field programmable gate
array(s) (FPGA), digital signal processor(s) (DSP), and application specific integrated circuit(s)
(ASIC). Processor(s) 202 may include one or more processors (homogenous or
heterogeneous), which may be arranged for parallel processing, as clusters and/or as one or
more multi core processing units.

[0074] Storage device (also known herein as a program store, e.g., a memory) 206 stores
code instructions implementable by processor(s) 202, for example, a random access memory
(RAM), read-only memory (ROM), and/or a storage device, for example, non-volatile memory,
magnetic media, semiconductor memory devices, hard drive, removable storage, and optical
media (e.g., DVD, CD-ROM). Storage device 206 stores computed pathological indication code
206A that executes one or more acts of the method described with reference to FIG. 1.

[0075] Computing device 204 may include a data repository 216 for storing data, for example,
a classifier repository 216A that stores the trained classifiers that compute the computed
pathological indication(s), and EMR 216B that stores patient parameters processed by the
classifiers in association with the current laboratory test results to compute the computed
pathological indication(s). Data repository 216 may be implemented as, for example, a
memory, a local hard-drive, a removable storage unit, an optical disk, a storage device, and/or
as a remote server and/or computing cloud (e.g., accessed via a network connection).

[0076] Laboratory network interface 210 may be implemented as, for example, one or more of,
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a network interface card, a wireless interface to connect to a wireless network, a physical
interface for connecting to a cable for network connectivity, a virtual interface implemented in
software, network communication software providing higher layers of network connectivity,
and/or other implementations. As used herein, the term network (e.g., network 214) may refer
to, for example, the internet, a local area network, and a point to point connection with another
computing device.

[0077] Computing device 204 may connect via laboratory network interface 210 to network
214 (and/or another communication channel, such as through a direct link (e.g., cable,
wireless) and/or indirect link (e.g., via an intermediary computing unit such as a server, and/or
via a storage device) with one or more of:

* Client terminal(s) 212, for example, when the client terminal 212 is used by a physician to
order laboratory tests and/or computed pathological indication(s), and/or used to view the
results of the tests and/or computed pathological indication(s).

* Server(s) 220 including the LIS server described herein.

* Server(s) 220 including an EMR server and/or a CDR server that store and/or access patient
medical data, for example, from the EMR of the patient. The CDR may be implemented as a
real time database that consolidates data from a variety of clinical sources to present a unified
view for each patient. The CDR is designed to retrieve data for each patient, rather than
identifying a population of patients with common characteristics or to facilitate the management
of a clinical department. Patient parameters described herein may be obtained by computing
device 204 from the EMR server and/or from CDR server.

* Storage server 222 that stores the computed computed pathological indication(s), classifiers,
and laboratory test results.

[0078] Computing device 204 and/or client terminal(s) 212 include and/or are in
communication with a user interface 224 that includes a mechanism for a user to enter data
(e.g., request for laboratory test and/or computed pathological indication(s)), and/or view
presented data (e.g., the report including the results of the current laboratory tests, additional
test results, and/or computed computed pathological indication(s)).

[0079] Exemplary user interfaces 224 include, for example, one or more of, a touchscreen, a
display, a keyboard, a mouse, and voice activated software using speakers and microphone.

[0080] At 102, classifiers that each compute a respective computed pathological indication
from a set of current laboratory test results are trained. The training is performed by computing
device 204 (or another computing device) based on medical history data obtained from
electronic medical records of other patients. For example, a classifier that analyzes laboratory
test results to determine whether early stage cancer is present is trained using historical
laboratory tests obtained several years before a cancer diagnosis in patients. Additionally,
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customized classifiers may be trained for each patient based on medical history data obtained
from electronic medical records of the same patient.

[0081] For example, for patients with a history of frequency hospitalizations, a customized
classifier that is indicative of the risk of re-hospitalization may be developed for the patient. The
trained classifiers may be stored as code instructions in classifier repository 216A (e.g.,
database).

[0082] The computed pathological indication denotes an aggregation of the laboratory test
results that provides an indication of a state of the patient. Exemplary computed pathological
indications include: an indication of normal biological processes, an indication of a pathogenic
processes, and an indication of pharmacological responses to a therapeutic intervention. The
computed pathological indication(s) may denote the current state of the patient, for example,
whether the patient is experiencing early stage cancer. The computed pathological
indication(s) may denote a prediction of a risk of the patient for developing a medical problem.

[0083] The training is performed using the historical laboratory test results as desired input,
and values of the computed pathological indication which denote the output of the classifier.

[0084] The values of the computed pathological indication may be, for example, manually
denoted by a user (e.g., a scale indicating severity of liver disease with values manually
defined by a physician), obtained from the electronic medical record of the patient (e.g., a
value of a validated scale of severity of liver disease entered by a physician), and/or
automatically identified by code instructions (e.g., code that analyzes hospital admission
records to determine hospital admission and length of stay).

[0085] The training is performed using one or more machine learning methods including K-
Nearest neighbors (KNN), random forest, weighted linear regression, neural network, decision
trees, and Bayes. The training may be based on supervised learning (e.g., where the user
defines the outcome), and/or unsupervised learning (e.g., where code automatically identifies
the outcome).

[0086] Exemplary computed pathological indications and the laboratory tests they are
computed from include:

* A computed pathological indication indicative of early detection of cancer, based on blood
tests, physical exam findings, and radiological findings.

* Another computed pathological indication indicative of a prediction of liver disease based on
current laboratory tests indicative of liver function.

* Yet another computed pathological indication indicative of a prediction of renal failure based
on current laboratory tests indicative of renal function.

* Yet another computed pathological indication indicative of a diabetes monitoring score based



DK/EP 3404665 T3

on current laboratory tests and physical examination findings indicative of adverse diabetic
effects.

* Yet another computed pathological indication indicative of a prediction of rehospitalization
based on current laboratory tests.

* Yet another computed pathological indication indicative of sepsis based on current laboratory
tests.

* Yet another computed pathological indication indicative of organ specific deterioration,
including one or more of: acute kidney injury (AKI), acute liver failure (ALF), and acute heart
failure (AHF).

[0087] At 104, an indication of values of current laboratory test results is obtained by
computing device 204. The values of current laboratory test results may be transmitted to
computing device 204 by LIS server 220. The measurements are performed by one or more
laboratory testing devices 208 that automatically analyze laboratory sample(s) collected from a
target individual. The values of the current laboratory test results may be computed from the
measurements by the respective laboratory testing device 208 that performed the
measurement, and/or the values may be computed by LIS server 220 according to the
measurements performed by laboratory testing device(s) 208.

[0088] The current laboratory tests may be ordered by the treating physician, for example, in
an inpatient and/or outpatient setting. The current laboratory tests may be ordered using a
user interface, for example, a graphical user interface in which the user selects and/or enters
the desired tests. The request for the laboratory tests may be transmitted to the LIS server.
The LIS server may receive multiple requests for laboratory tests from multiple users, organize
the requests, and transmit instructions to perform the tests according to the organized request
to the relevant automated laboratory testing devices. The automated laboratory testing devices
may report the test results to the LIS server.

[0089] At 106, one or more classifiers are selected from the available classifiers (e.g., stored in
classifier repository 216A). The classifiers are selected according to an analysis of the
indication of values of the current laboratory test results. Optionally, one or more computed
pathological indications are selected. The classifiers corresponding to the selected computed
pathological indications are selected.

[0090] It is noted that different classifiers may be selected for different result values of the
same laboratory test. For example, for a set of complete blood count tests with a first set of
result values a first classifier is selected that computes a first computed pathological indication.
For the same complete blood count tests with another set of result values a second classifier is
selected that computes a second computed pathological indication which is different than the
first computed pathological indication computed by the first classifier.
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[0091] Optionally, one or plurality of classifier(s) is selected according to manual user input, for
example, entered in a user interface associated with client terminal 212 in network
communication with computing device 204. The manual user input may be indicative of a user
request for computation of one or more certain computed pathological indications. For
example, the physician ordering the blood test results may select the computed pathological
indication indicative of adverse effects of a medication the patient is taking.

[0092] Alternatively or additionally, at least one classifier is automatically selected according to
a set-of-rules that analyzes the indication of the current laboratory test results. The classifier
selection may be programmed as a reflex test defined by a set-of-rules in code instructions
executed by the LIS server. The set-of-rules are evaluated according to the indication of the
current laboratory test results to identify one or more reflex tests (e.g., the associated set-of-
rules is evaluated as TRUE).

[0093] Each reflex test maps to one or more classifiers. For example, when the current
laboratory test results include a set of liver function tests, the classifier that computes the
computed pathological indication indicative of a prediction of liver failure may be automatically
selected. In another example, the classifier that computes the computed pathological indication
indicative of early stage cancer may be selected by default for each set of ordered laboratory
tests, to screen all patients for early cancer.

[0094] Optionally, at least one classifier is automatically selected according to a set-of-rules
that analyzes the patient medical records. For example, for patients with a personal or family
history of cancer, the classifier that computes the computed pathological indication indicative of
early onset of cancer may be automatically selected.

[0095] At 108, an analysis of the indication of values of the current laboratory test results
determines one or more additional laboratory tests for application of the selected classifier.
The analysis is performed in view of the selected classifier. For example, when the classifier
that computes the computed pathological indication indicative of risk of hospitalization is
selected, and liver function tests have been performed, additional renal function tests may be
determined for application of the classifier to computer the computed pathological indication.

[0096] The additional laboratory tests are defined by a mapping and/or set-of-rules that define
which laboratory tests are used as input for the selected classifier. The laboratory tests
required for input into the classifier are compared to the current laboratory test results to
determine the missing tests. The additional tests are defined according to the missing tests.
Optionally, the selected classifier and the current laboratory test results are applied to another
trained machine learning code instructions which output the additional laboratory tests that are
required for application of the classifier.

[0097] The additional tests based on the analysis may include tests that would not traditionally
be ordered by clinicians when the original set of laboratory tests is ordered, and/or may include
tests that are not statistically significantly correlated with the clinical scenario the user is
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attempting to evaluate.

[0098] For example, when the computed pathological indication indicative of the overall
diabetic state of the patient is ordered, along with traditional diabetic associated blood test,
such as fasting blood glucose level, and hemoglobin HbA1c, the additional test based on the
analysis may include blood sodium (and/or other electrolytes) which would not normally be
ordered by the clinician for monitoring of diabetes mellitus (unless specific syndromes are
suspected, for example, diabetic ketoacidosis). The additional test may be used to evaluate the
overall diabetic state of the patient, which may include a risk of complications, for example, a
risk of future diabetic ketoacidosis.

[0099] Computing device 204 automatically generates instructions, and/or transmits a
message to LIS server 220 to automatically generate the instructions, for automatic execution
of another (e.g., second, third, or greater) set of laboratory tests by another automatic
laboratory testing device 208.

[0100] The other automatic laboratory testing device may execute the laboratory tests on the
same laboratory sample (or portion thereof) to obtain an indication of a value of the additional
laboratory test.

[0101] For example, a portion of the blood sample of the target patient may be automatically
extracted and sent to the other laboratory testing device for execution of the additional set of
laboratory tests. For example, when the original set of blood tests include a complete blood
count, and the selected classifier requires tests results of blood coagulation tests, a portion of
the blood may be removed and sent to the device that measures coagulation.

[0102] Optionally, at least one classifier is selected (e.g., as described with reference to act
106) when the request for the sample from the target individual is requested, before the
sample is acquired (e.g., by a nurse at a lab). Additional samples may be automatically added
to the original sample request based on the additional determined laboratory tests according to
the selected classifier. For example, when a blood test is ordered and a certain classifier is
selected, laboratory tests that require a urine sample may be determined.

[0103] The instructions to the nurse may include instructions to obtain both a blood and a urine
sample. Alternatively or additionally, a robot processing the laboratory sample may divide the
laboratory sample according to the additional tests to ensure sufficient sample is available for
testing by multiple devices.

[0104] At 110, an analysis of the indication of values of the current laboratory test results may
determine that one or more additional patient parameters of the target individual are to be
obtained for application of the selected classifier.

[0105] For example, for the classifier that computes the computed pathological indication
indicative of risk of rehospitalization, the value of the number of previous rehospitalizations
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and/or comorbidities of the patient and/or the age of the patient may be determined as to be
obtained for processing by the classifier. For example, for the classifier that computes the
computed pathological indication indicative of a return to normal biological functioning, the
value of the previous laboratory tests may be determined as to be obtained for processing by
the classifier.

[0106] The additional patient parameters may include manually performed clinical evaluations,
which may be obtained for example from EMR 216B of the target individual and/or upon
request from a physician (and/or other user) using a user interface (e.g., presented on a
screen of a client terminal. For example, results of a fundoscopic exam performed by an
ophthalmologist, nerve function tests performed by a neurologist, and physical exam findings
performed by a family physician.

[0107] A clinical data repository database (e.g., hosted by server 220 and/or EMR 216B) may
be automatically accessed by computing device 204 to obtain the indication of the value of
determined patient parameter of the target individual. Computing device 204 may access EMR
216B directly, or use CDR as an interface for accessing EMR 216B, for example, using the
Fast Healthcare Interoperability Resources (FHIR) protocol accessed using an interface (e.g.,
application programming interface (API).

[0108] Exemplary patient parameters include: a previous measurement of one or more of the
current laboratory test results, a demographic parameter, a medical diagnosis, a smoking
parameter, a medication use parameter, a family history parameter, a genetic parameter, a
medical history parameter, and a physical exam finding parameter.

[0109] Optionally, a change in the value of one or more of the current laboratory test results
and one or more previous values of the current laboratory test results is computed. A trend
may be computed.

[0110] At 112, one or more computed pathological indications are evaluated by applying the
selected classifier(s) to the indication of values of current laboratory test results and to the
additional laboratory test results. The evaluation of the computed pathological indication by
applying the classifier may be performed by computing device 204, optionally in response to
request instructions received from LIS server 220. The value of the evaluated computed
pathological indication may be transmitted to LIS server 220.

[0111] Each classifier may be applied to a different subset of laboratory tests results and to the
respective additional laboratory test result, as defined by the respective classifier. The
classifier(s) are further applied to the additional patient parameter(s), and/or to the computed
changes in value(s) of the current laboratory test result(s).

[0112] At 114, the value of the respective computed pathological indication(s) may be analyzed
according to a set-of-rules, in view of the indication of values of the current laboratory test
results, to detect an aberration from an expected value of the computed pathological
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indication(s). For example, for a healthy young woman performing laboratory testing as a
routine pregnancy screen, a computed pathological indication indicative of risk of liver failure
may be a detected aberration. The analysis may be performed, for example, by LIS server
220, by code executing on the client terminal of the user that issued the original request for the
current laboratory tests, by computing device 204, and/or by the other computing devices.

[0113] The aberrations may be flagged and presented on a display of a client terminal, for
example, to the requesting physician and/or to an administrator. For example, the physician
may choose to further explore the aberration as having potentially uncovered a hidden risk, or
choose to ignore the aberration. Aberrations may trigger additional training of the classifier to
improve relevancy of the results.

[0114] At 116, the evaluated value of the computed pathological indication(s) are provided for
presentation, for example, on a display of client terminal 212. The value of the computed
pathological indication(s) may be presented as an entry of a report of the values of the current
laboratory test(s).

[0115] The evaluated value of the computed pathological indication(s) may be transmitted to a
remote server and/or stored in the EMR of the target individual, for example using HL7 to
transmit to the EMR server and/or the CDR server interfacing with the data storage device
storing the EMR.

[0116] The set of stored evaluated values of the computed pathological indication(s) may be
monitored for trends and/or changes by code instructions. For example, the computed
pathological indication indicative of diabetes monitoring may be tracked to determine whether
the diabetes monitoring of the patient is improving or deteriorating. The monitoring may be
performed by code instructions stored in association with the EMR, by computing device 204,
and/or hosted by a remote server 220.

[0117] Reference is now made to FIG. 3, which includes an exemplary enhanced report 300
presenting results of evaluated computed pathological indication(s), in accordance with some
embodiments of the present invention. Enhanced report 300 includes entries of results of the
standard laboratory tests that were performed, and includes entries of values of computed
pathological indications 302 computed by applying classifiers to subsets of the standard
laboratory tests, as described herein. The values of computed pathological indications 302
may be used, for example, by the physician as an aid in assessing an aggregation of the
laboratory test results presented in report 300.

[0118] Reference is now made to FIG. 4, which is a schematic depicting a scenario in which
computation of the computed pathological indication suggests a medical problem that might
otherwise remain hidden, in accordance with some embodiments of the present invention.
Report 400 depicts results of laboratory blood tests values, with indications between values of
a previous set of tests conducted during an earlier time period, and the current test values.
The origin of the arrow shows as a dot (element 402 points to one example) denotes the
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previous value of the test.

[0119] The cube (element 404 points to one example) denotes the current value of the test. It
is noted that all of the current and previous blood test values fall within the range of normal.
The computed pathological indication, which may be computed based on the changes in the
values of the blood tests, may be indicative of a developing medical condition, or an underlying
medical condition which has not yet manifest itself.

[0120] Reference is now made to FIG. 5, which is a schematic of an exemplary architecture
500 that computes computed pathological indication(s) based on one or more components of
system 200 described with reference to FIG. 2, in accordance with some embodiments of the
present invention. Computing device 504 corresponds to computing device 204. LIS server
520 corresponds to LIS implementation of server 220. EMR 516B may be stored on a server
and/or external storage device, corresponding to EMR repository 216B. Automated laboratory
testing devices 508 correspond to automated laboratory testing devices 208. HL7 interface
engine 550 provides communication between LIS server 520 and EMR server and/or storage
device 516B. It is noted that other communication protocols may be used.

[0121] A laboratory network 552 (which may correspond to laboratory network, laboratory
network interface 210, and/or network 214 described with reference to FIG. 2) provides
communication between computing device 504 and LIS 520. Laboratory network 552 may be
implemented as, for example, a local laboratory network, the internet, direct cables, short
range wireless communication, and/or other implementations.

[0122] LIS server 520 is in communication with automated laboratory devices 508 optionally
over laboratory network 552. LIS server 520 transmits instructions to automated laboratory
devices 508 to perform the requested current laboratory tests and the additional laboratory
tests on the laboratory sample obtained from the target patient, and receives the results of the
executed tests. The results are provided to computing device 504.

[0123] Computing device 504 connects to laboratory network 552 using a LIS compliant
communication protocol.

[0124] Computing device 504 may connect to EMR 516B using a dedicated communication
protocol 554, for example, FHIR, or other suitable communication standards. Alternatively,
computing device 504 is connected to a CDR server 520 using a dedicated communication
protocol (e.g., FHIR). CDR 520 communicates with EMR 516B acting as an interface to EMR
516B for computing device 504.

[0125] The descriptions of the various embodiments of the present invention have been
presented for purposes of illustration, but are not intended to be exhaustive or limited to the
embodiments disclosed. Many modifications and variations will be apparent to those of
ordinary skill in the art.
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[0126] The terminology used herein was chosen to best explain the principles of the
embodiments, the practical application or technical improvement over technologies found in
the marketplace, or to enable others of ordinary skill in the art to understand the embodiments
disclosed herein.

[0127] It is expected that during the life of a patent maturing from this application many
relevant laboratory information system computing devices and automated laboratory testing
devices will be developed and the scope of the terms laboratory information system computing
devices and automated laboratory testing devices are intended to include all such new
technologies a priori.

[0128] As used herein the term "about" refers to £ 10 %.

[0129] The terms "comprises", "comprising”, "includes”, "including”, "having”" and their
conjugates mean "including but not limited to". This term encompasses the terms "consisting
of' and "consisting essentially of".

[0130] The phrase "consisting essentially of' means that the composition or method may
include additional ingredients and/or steps, but only if the additional ingredients and/or steps
do not materially alter the basic and novel characteristics of the claimed composition or
method.

[0131] As used herein, the singular form "a", "an" and "the" include plural references unless
the context clearly dictates otherwise. For example, the term "a compound" or "at least one
compound” may include a plurality of compounds, including mixtures thereof.

[0132] The word "exemplary" is used herein to mean "serving as an example, instance or
illustration". Any embodiment described as "exemplary" is not necessarily to be construed as
preferred or advantageous over other embodiments and/or to exclude the incorporation of
features from other embodiments.

[0133] The word "optionally" is used herein to mean "is provided in some embodiments and
not provided in other embodiments”. Any particular embodiment of the invention may include a
plurality of "optional" features unless such features conflict.

[0134] Throughout this application, various embodiments of this invention may be presented in
a range format. It should be understood that the description in range format is merely for
convenience and brevity and should not be construed as an inflexible limitation on the scope of
the invention. Accordingly, the description of a range should be considered to have specifically
disclosed all the possible subranges as well as individual numerical values within that range.
For example, description of a range such as from 1 to 6 should be considered to have
specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from
2 to 6, from 3 to 6 etc., as well as individual numbers within that range, for example, 1, 2, 3, 4,
5, and 6. This applies regardless of the breadth of the range.
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[0135] Whenever a numerical range is indicated herein, it is meant to include any cited
numeral (fractional or integral) within the indicated range. The phrases "ranging/ranges
between" a first indicate number and a second indicate number and "ranging/ranges from" a
first indicate number "to" a second indicate number are used herein interchangeably and are
meant to include the first and second indicated numbers and all the fractional and integral
numerals therebetween.

[0136] Certain features described in the context of various embodiments are not to be
considered essential features of those embodiments, unless the embodiment is inoperative
without those elements.
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SYSTEMER OG FREMGANGSMADE TIL AGGREGERING AF AUTOMATISK
GENEREREDE LABORATORIETESTRESULTATER

PATENTKRAV

1. Fremgangsmade til tilvejebringelse af en klientterminal (212) med mindst en
beregnet patologisk indikation som reaktion pa aktuelle laboratorietestresultater for en
patient, omfattende:

modtagelse gennem et databehandlingssystem (204) associeret med en database
(216), der gemmer en flerhed af klassifikatorer, fra mindst en automatiseret
laboratorietestenned (208) og via et netveerk (214), af en flerhed af aktuelle
laboratorietestresultater beregnet baseret pa en automatiseret analyse af mindst en
laboratoriepreve indhentet fra et malindivid;

automatisk udveelgelse af mindst en klassifikator blandt flerheden af klassifikatorer
I overensstemmelse med et regelseet, der analyserer flerheden af aktuelle
laboratorietestresultater og veelger relevante klassifikatorer;

hvor flerheden af klassifikatorer, der hver iseer beregner en respektiv beregnet
patologisk indikation fra et saet af aktuelle laboratorietestresultater, er gennemgaet
baseret pa en flerhed af historiske laboratorietestresultater og mindst et ekstra
patientparameter, modtaget fra elektroniske leegejournaler for andre patienter, hvor
gennemgangen af flerheden af klassifikatorer udfegres ved hjeelp af de historiske
laboratorietestresultater og den mindst ene patientparameter som ensket input, og
veerdier for den beregnede patologiske indikation, som angiver outputtet for den
respektive klassifikator,

hvor de aktuelle laboratorietestresultater og de historiske laboratorietestresultater
omfatter blodtest og/eller urintest;

hvor gennemgangen af flerneden af klassifikatorer udferes ved hjeelp af en eller
flere maskinleeringsmetoder, inklusive K-Nearest neighbors, KNN, random forest,
weighted linear regression, neural network, decision trees og Bayes;

modtagelse af mindst en ekstra patientparameter for malindividet i
overensstemmelse med den valgte mindst ene klassifikator;

bestemmelse af mindst en ekstra laboratorietest i overensstemmelse med en
kortleegning og/eller et regelsaet, der definerer, hvilke laboratorietest der anvendes som
input for den valgte mindst ene klassifikator, hvor laboratorietest, der anvendes som input

I den valgte mindst ene Klassifikator, sammenlignes med de aktuelle
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laboratorietestresultater for at bestemme manglende test, hvor den mindst ene ekstra
laboratorietest defineres | overensstemmelse med de manglende test;

overfersel af en meddelelse til den mindst ene automatiske testenhed til
automatisk udfarelse gennem mindst en anden automatisk laboratorietestenhed pa den
mindst ene ekstra laboratorietests mindst ene laboratorieprave;

hvor den mindst ene anden automatiske laboratorietestenhed udferer den mindst
ene ekstra laboratorietest valgt blandt en gruppe inklusive: leverfunktionstest,
nyrefunktionstest, diabetisk associeret test, komplet blodundersagelse, CBC,
blodkoagulationstest, urinanalyse, biokemisk maling, elektrolyttest, blodgastest,
blodsukkerniveau og celleanalyse, i overensstemmelse med meddelelse pa mindst en
del af den mindst ene laboratoriepreve af blod og/eller urin indhentet fra malindividet og
testet af den automatiske laboratorietestenhed, for at f& mindst et ekstra
laboratorietestresultat;

input af de aktuelle laboratorietestresultater og det mindst ene ekstra
laboratorietestresultat og den mindst ene ekstra patientparameter, i den valgte mindst
ene klassifikator, hvor den mindst ene klassifikator udsender mindst en beregnet
patologisk indikation; og

output af veerdien af den mindst ene beregnede patologiske indikation for
praesentation gennem klientterminalen (212),

hvor veerdien af den mindst ene beregnede patologiske indikation indikerer
patientens tilstand og angiver en aggregering af flerheden af aktuelle
laboratorietestresultater, og det mindst ene ekstra laboratorietestresultat, og den mindst

ene ekstra patientparameter.

2. Fremgangsmade ifalge krav 1, hvor hver af flerheden af klassifikatorer beregner
en respektiv beregnet patologisk indikation blandt en delmeengde af aktuelle
laboratorietestresultater for at generere en klinisk indikation af mindst en af. normale
biologiske processer, patogene processer og farmakologiske reaktioner pa et terapeutisk

indgreb.

3. Fremgangsmade ifalge ethvert af foregaende krav, hvor den mindst ene
beregnede  patologiske indikation angiver en aggregering af aktuelle
laboratorietestresultaters respektive delmeaengder, hvor mindst en del af delmaengden af
aktuelle laboratorietestresultater er statistisk ubetydeligt korreleret med den kliniske

indikation angivet af den evaluerede mindst ene beregnede patologiske indikation.
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4. Fremgangsmade ifalge ethvert af foregaende krav, hvor modtagelse af den mindst
ene ekstra patientparameter omfatter:

bestemmelse i overensstemmelse med analysering af flerheden af aktuelle
laboratorietestresultater, af mindst en ekstra patientparameter for malindividet til
anvendelse af mindst en klassifikator; og

adgang til en registerdatabase over kliniske data for at modtage en veerdi af mindst

en ekstra patientparameter for malindividet.

5. Fremgangsmade ifelge krav 4, hvor den mindst ene ekstra patientparameter
veelges blandt gruppen bestdende af: en tidligere maling af mindst en af flerheden af
aktuelle laboratorietestresultater, en parameter om demografi, en medicinsk diagnose,
en parameter om rygning, en parameter om brug af medikamenter, en parameter om
familiehistorik, en parameter om genetik, en parameter om medicinsk historik og en

parameter om observationer ved fysisk undersagelse.

6. Fremgangsmade ifelge ethvert af kravene 4 og 5, derudover omfattende beregning
af en eendring | de aktuelle laboratorietestresultater og mindst et tidligere aktuelt
laboratorietestresultat og anvendelse af den valgte mindst ene klassifikator i den

beregnede sendring i veerdien.

7. Fremgangsmade ifglge ethvert af foregéende krav, derudover omfattende
analysering af veerdien af mindst en beregnet patologisk indikation pa baggrund af de
aktuelle laboratorietestresultater ved at anvende regelsaet, der definerer en forventet
veerdi af den mindst ene beregnede patologiske indikation, for at registrere en afvigelse,
defineret af regelseettet, fra den forventede veerdi af den mindst ene beregnede
patologiske indikation, og generering af en alarm pa en klientterminal, der indikerer den

registrerede afvigelse.

8. Fremgangsmade ifelge ethvert af foregaende krav, hvor veerdien af den mindst
ene beregnede patologiske indikation preesenteres som en angivelse i en rapport over

veerdierne af flerheden af den aktuelle laboratorietest.

9. Fremgangsmade ifelge ethvert af foregaende krav, hvor veerdien af den mindst

ene beregnede patologiske indikation indikerer en af delene i en gruppe bestaende af:
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en tidlig registrering af cancer,

en forudsigelse af leversygdom baseret pa aktuelle laboratorietest som indikator
for leverfunktion,

en forudsigelse af nyresvigt baseret pa aktuelle laboratorietest som indikator for
nyrefunktion,

en diabetesovervagende score baseret pa aktuelle laboratorietest indikerende
negative diabetiske virkninger,
en forudsigelse af hospitalsindleeggelse, og

sepsis.

10. Fremgangsmade ifelge ethvert af foregaende krav, hvor veerdien af den mindst
ene beregnede patologiske indikation indikerer organspecifik forringelse, valgt blandt

gruppen bestaende af: akut nyresvigt, AKI, akut leversvigt, ALF, og akut hjertesvigt, AHF.

11.  System til tilvejebringelse af en klientterminal (212) med mindst en beregnet
patologisk indikation som reaktion pa aktuelle laboratorietestresultater for en patient,
omfattende:
en ikke-transient hukommelse (2086), hvorpa der er gemt en kode (206A) til
udferelse af mindst en hardwareprocessor (202) i en databehandlingsenhed (204)
associeret med en database (216), der gemmer en flerhed af klassifikatorer og associeret
med mindst en automatiseret laboratorietestenhed (208) via et netveerk (214), koden
omfatter:
kode til modtagelse af en flerhed af aktuelle laboratorietestresultater
beregnet baseret pa en automatiseret analyse af mindst en laboratorieprave
indhentet fra et malindivid;
kode til automatisk udveelgelse af mindst en klassifikator blandt flerheden
af klassifikatorer i overensstemmelse med et regelsaet, der analyserer flerheden
af aktuelle laboratorietestresultater og veelger relevante klassifikatorer;
hvor flerheden af klassifikatorer, der hver isaer beregner en respektiv
beregnet patologisk indikation fra et seet af aktuelle laboratorietestresultater, er
gennemgaet baseret pa en flerhed af historiske laboratorietestresultater og mindst
et ekstra patientparameter, modtaget fra elektroniske laegejournaler for andre
patienter, hvor gennemgangen af flerheden af klassifikatorer udferes ved hjeelp af

de historiske laboratorietestresultater og den mindst ene patientparameter som
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onsket input, og veerdier for den beregnede patologiske indikation, som angiver
outputtet for den respektive klassifikator,

hvor de aktuelle laboratorietestresultater og de  historiske
laboratorietestresultater omfatter blodtest og/eller urintest;

hvor gennemgangen af flerheden af klassifikatorer udfgres ved hjeelp af en
eller flere maskinleeringsmetoder, inklusive K-Nearest neighbors, KNN, random
forest, weighted linear regression, neural network, decision trees og Bayes;

kode til modtagelse af mindst en ekstra patientparameter for malindividet i
overensstemmelse med den valgte mindst ene klassifikator;

kode til bestemmelse af mindst en ekstra laboratorietest |
overensstemmelse med en kortlaegning og/eller et regelsaet, der definerer, hvilke
laboratorietest der anvendes som input for den valgte mindst ene klassifikator,
hvor laboratorietest, der anvendes som input i den valgte mindst ene klassifikator,
sammenlignes med de aktuelle laboratorietestresultater for at bestemme
manglende test, hvor den mindst ene ekstra laboratorietest defineres i
overensstemmelse med de manglende test;

kode til overfersel af en meddelelse til den mindst ene automatiske
testenhed til automatisk udfgrelse gennem mindst en anden automatisk
laboratorietestenhed pa den mindst ene ekstra laboratorietests mindst ene
laboratorieprave;

hvor den mindst ene anden automatiske laboratorietestenhed udferer den
mindst ene ekstra laboratorietest valgt blandt en gruppe inklusive:
leverfunktionstest, nyrefunktionstest, diabetisk associeret test, komplet
blodundersagelse, CBC, blodkoagulationstest, urinanalyse, biokemisk maling,
elektrolyttest, blodgastest, blodsukkerniveau og celleanalyse, i overensstemmelse
med meddelelse pa mindst en del af den mindst ene laboratoriepreve af blod
og/eller wurin indhentet fra malindividet og testet af den automatiske
laboratorietestenhed, for at fa mindst et ekstra laboratorietestresultat;

kode til input af de aktuelle laboratorietestresultater og det mindst ene
ekstra laboratorietestresultat og den mindst ene ekstra patientparameter, i den
valgte mindst ene klassifikator, hvor den mindst ene klassifikator udsender mindst
en beregnet patologisk indikation; og

kode til output af veerdien af den mindst ene beregnede patologiske

indikation for preesentation gennem klientterminalen (212),
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hvor veerdien af den mindst ene beregnede patologiske indikation indikerer
patientens tilstand og angiver en aggregering af flerheden af aktuelle
laboratorietestresultater, og det mindst ene ekstra laboratorietestresultat, og den

mindst ene ekstra patientparameter.

12.  System ifglge krav 11, hvor databehandlingsenheden er i netvaerkskommunikation
med serveren (220) til et laboratorieinformationssystem, LIS, over et laboratorienetvaerk,
der implementerer en kommunikationsstandard sundhedsniveau 7, HL7, hvor LIS-
serveren kommunikerer med den mindst ene automatiserede laboratorietestenhed og
den mindst ene anden automatiserede laboratorietestenhed, hvor de aktuelle
laboratorietestresultater og det ekstra laboratorietestresultat modtages af
databehandlingsenheden fra LIS-serveren, og veerdien af den mindst ene beregnede

patologiske indikation tilvejebringes gennem databehandlingsenheden til LIS-serveren.
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