PATIENT TEST DATA PROCESSING SYSTEM AND METHOD

FIELD
The present invention generally relates to a data processing system and method for

processing patient test data.

BACKGROUND

Point-of-care testing (POCT) is medical testing at or near the site of patient care. The driving
notion behind POCT isto bring the test conveniently and immediately to the patient. This
increases the likelihood that the patient, physician, and care team will receive the results
quicker, which alows for immediate clinical management decisions to be made. POCT
includes: blood glucose testing, blood gas and electrolytes analysis, rapid coagul ation testing,
rapid cardiac markers diagnostics, drugs of abuse screening, urine strips testing, pregnancy
testing, faecal occult blood analysis, food pathogens screening, haemoglobin diagnostics,
infectious disease testing and cholesterol screening.

POCT is often accomplished through the use of transportable, portable, and handheld
instruments (e.g., blood glucose meter, nerve conduction study device) and test kits. Small
bench analysers or fixed equipment can aso be used when a handheld deviceis not
available—the goal isto collect the specimen and obtain the resultsin a very short period of
time at or near the location of the patient so that the treatment plan can be adjusted as
necessary before the patient leaves. Cheaper, smaller, faster, and smarter POCT devices have
increased the use of POCT approaches by making it cost-effective for many diseases, such as

diabetes, carpal tunnel syndrome (CTS) and acute coronary syndrome.

Thereisadesire to get output of a POCT device made available immediately within an
electronic medical record. The advantage of such integration into electronic medical health
records is that results can be shared instantaneously with all members of the medical team
through the software interface enhancing communication by decreasing turnaround time
(TAT). Also, errors caused by manual input are avoided. One of the challenges
accompanying the use of POCT is the plethora of devices and tests which bringswith it a
high degree of complexity in integrating the POCT devices due to the lack of any agreed

standard for data output from such devices. To further complicate matters, there are a number
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of electronic heath record providers, each with its own requirements and non-standard data format.
Thereisaneed to simplify the collection of POCT data and to simplify the process of importing the
POCT datainto electronic health records for patients.

SUMMARY

Aspects of the invention can provide a more automated method of inputting point of care test data
into an electronic health record avoiding user intervention. In one aspect, point of care test data can
be automatically completed and uploaded into an electronic health record. In one aspect, if a point of
caretest order isrequired in an el ectronic health record, it can automatically be created or identified
for the uploading of point of care test data to the electronic health record for association with the
automatically created or identified order.

Theinvention of claim 1 provides a server system for processing patient test data from at |east one
point of care device, the server system comprising atest data interface for receiving point of care test
data for a patient from at |east one point of care device; an electronic health record provider interface
for interfacing with at least one electronic heath record provider’s computer, the at least one
electronic health record provider’s computer storing electronic health records for patients; program
memory storing computer code; and a processor for reading and implementing the computer codein
the program memory; wherein the program memory stores computer code for implementation by the
processor to; control the test data interface to receive the point of care test data for the patient from at
least one point of care device, identify additional required data missing from the point of care test
data for the patient according to electronic health record provider requirements, control the electronic
health record provider interface to retrieve electronic health record data for the patient from a said
electronic health record provider’s computer, and process the retrieved electronic health record data
for the patient to try to identify the additional required datain the retrieved electronic health record
data, and to automatically add any identified additional required datain the retrieved electronic
health record data to the point of care test datafor the patient to try to form complete point of care
test datafor the patient.

The invention of claim 8 also provides a method at a server system for processing patient test data

from at least one point of care device, the method comprising receiving point of care test datafor a

patient from at least one point of care device; identifying additional required data missing from the

point of care test datafor the patient according to electronic health record provider requirements;

retrieving electronic health record data for the patient from an electronic health record provider’'s
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computer, the electronic health record provider’s computer storing electronic health records for
patients; and processing the retrieved electronic health record data for the patient to try to identify the
additional required datain the retrieved electronic health record data, and automatically adding any
identified additional required datain the retrieved electronic health record data to the point of care
test data for the patient to try to form complete point of care test data for the patient.

The invention of claim 15 provides a carrier medium carrying computer readable code for controlling
acomputer to carry out any of the method as described above.

Optional features are defined in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of a system for processing patient test data according to one
embodiment of the invention;

Figure 2 is a schematic diagram of a client application according to one embodiment of the present
invention;

Figure 3 is a schematic diagram of a client application according to one embodiment of the present
invention;

Figure 4 is a schematic diagram of an application server according to one embodiment of the
invention;

Figure 5isaflow diagram illustrating a method of processing patient test data according to one
embodiment of the invention;

Figure 6 isaflow diagram illustrating a method of allowing a user to create an EHR order according
to one embodiment of the invention; and

Figure 7 isaflow diagram illustrating a method allowing a user to enter data and control the
processing of the patient test data according to one embodiment of the invention

DETAILED DESCRIPTION

A first generalised embodiment comprises a server system for processing patient test data from at

least one point of care device, the server system comprising atest data interface for receiving point

of caretest datafor a patient from at least one point of care device; an eectronic health record

provider interface for interfacing with at least one e ectronic heath record provider’s computer, the at

least one electronic health record provider’s computer storing electronic health records for patients;
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program memory storing computer code; and a processor for reading and implementing the computer
code in the program memory; wherein the program memory stores computer code for
implementation by the processor to; control the test data interface to receive the point of care test
datafor the patient from at least one point of care device, identify additional required data missing
from the point of care test data for the patient according to el ectronic health record provider
regquirements, control the electronic health record provider interface to retrieve electronic health
record data for the patient from a said electronic health record provider’s computer, and process the
retrieved electronic health record data for the patient to try to identify the additional required datain
the retrieved electronic health record data, and to automatically add any identified additional required
datain the retrieved electronic health record data to the point of care test data for the patient to try to
form complete point of care test datafor the patient.

In one embodiment the additional required data comprises an order identifier entered in the
electronic health record for the patient indicting that the point of care test for the patient was ordered
by a physician, and the retrieved electronic health record data comprises an order identifier from the
electronic health record data for the patient.

In one embodiment the additional required data includes additional data and the retrieved electronic
health record data comprises an order identifier and associated order data from the electronic health

record data for the patient.

In one embodiment the computer code is adapted to be implemented by the processor to control the
electronic health record provider interface to transmit the complete point of care test datafor the
patient to the electronic health record provider’s computer for inclusion in the electronic health

record for the patient.

In one embodiment the electronic health record provider interface comprises at least one API for

interfacing to the at least one electronic health record provider’s computer.

In one embodiment the computer code is adapted to be implemented by the processor to control the
electronic health record interface to obtain the el ectronic health record provider requirements.

In one embodiment the computer code is adapted to be implemented by the processor to store point
of care test datathat could not be completed and to generate a notification to a user to enable the user
to enter data to form complete point of care test data for the patient.
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One generalised embodiment provides a method at a server system for processing patient test data
from at least one point of care device, the method comprising receiving point of care test datafor a
patient from at least one point of care device; identifying additional required data missing from the
point of care test datafor the patient according to electronic health record provider requirements;
retrieving electronic health record data for the patient from an electronic health record provider’'s
computer, the electronic health record provider’s computer storing electronic health records for
patients; and processing the retrieved electronic health record data for the patient to try to identify the
additional required datain the retrieved electronic health record data, and automatically adding any
identified additional required datain the retrieved electronic health record datato the point of care
test data for the patient to try to form complete point of care test datafor the patient.

In one embodiment the additional required data comprises an order identifier entered in the
electronic health record for the patient indicating that the point of care test for the patient was
ordered by a physician, and the retrieved electronic health record data comprises an order identifier
from the electronic health record data for the patient.

In one embodiment the additional required data includes additional data and the retrieved electronic
health record data comprises an order identifier and associated order data from the electronic health

record data for the patient.

In one embodiment the method includes transmitting the compl ete point of care test datato the
electronic health record provider’ s computer for inclusion in the electronic health record for the

patient.

In one embodiment the electronic health record provider’s computer is interfaced to the server
system using an API.

In one embodiment, the electronic health record provider requirements are obtained from the

electronic health record provider’s computer.

In one embodiment the method includes storing point of care test datathat could not be completed
and generating a notification to a user to enable the user to enter data to form complete point of care
test data for the patient.



In one embodiment a carrier medium carries computer readable code for controlling a

computer to carry out any of the methods as described above.

In the following detailed description, reference is made to the accompanying drawings that
form a part hereof, and in which is shown by way of illustration specific embodimentsin
which the inventive subject matter may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice them, and it is to be understood
that other embodiments may be utilized and that structural, logical, and electrical changes
may be made without departing from the scope of the inventive subject matter. Such
embodiments of the inventive subject matter may be referred to, individually and/or
collectively, herein by the term “invention” merely for convenience and without intending to
voluntarily limit the scope of this application to any single invention or inventive concept if

more than oneisin fact disclosed.

The following description is, therefore, not to be taken in alimited sense, and the scope of the
inventive subject matter is defined by the appended claims.

The functions or algorithms described herein are implemented in hardware, software or a
combination of software and hardware in one embodiment. The software comprises
computer executable instructions stored on computer readable media such as memory or
other type of storage devices, or any other form of media such asasignal. Further, described
functions may correspond to modules, which may be software, hardware, firmware, or any
combination thereof. Multiple functions are performed in one or more modules as desired,
and the embodiments described are merely examples. The software is executed on a digital
signal processor, ASIC, microprocessor, or other type of processor operating on a system,
such as a personal computer, server, amobile device, or other device capable of processing
data including network interconnection devices. The network can comprise awired or
wireless network and includes a private network, avirtual private network (VPN), a Local
AreaNetwork (LAN), aWide Area Network (WAN) and the internet for example. Although
in the following detailed embodiment the interconnection between computers is shown over

the internet, the invention encompasses any form of network connection.

Some embodiments implement the functions in two or more specific interconnected hardware

or software modules or devices with related control and data signals communicated between
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and through the modules, or as portions of an application-specific integrated circuit. Thus, the

exemplary process flow is applicable to software, firmware, and hardware implementations.

Embodiments of the present invention can be implemented on any form of computing
hardware using one or more computer programs or applications (software). The computer
program(s) can be provided to a computer on any suitable carrier medium. One such type of
medium is a computer storage medium which represents a non-transient medium. Computer
storage mediainclude random access memory (RAM), read only memory (ROM), erasable
programmabl e read-only memory (EPROM) and electrically erasable programmabl e read-
only memory (EEPROM), flash memory or other memory technologies, compact disc read-
only memory (CD ROM), Digital Versatile Disks (DVD) or other optical disk storage,
magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices,
or any other medium capable of storing computer-readable instructions. Another form of
medium is atransient medium such asasignal. A signal can comprise an electrical signal
over awire, an electromagnetic signal transmitted over awire or wirelessly, an optical signdl,
an acoustic signal, or even amagnetic signal. Once common form of signal is transmitted
over acommunication network which can be wired or wireless or acombination of both, e.g.

alocal areanetwork (LAN), awide area network (WAN) or the internet.

The point of care devices can comprise any device for carrying out any patient medical test at
apoint of carefacility or even at the patients premises, such as blood glucose testing, blood
gas and electrolytes analysis, rapid coagulation testing, rapid cardiac markers diagnostics,
drugs of abuse screening, urine strips testing, pregnancy testing, faecal occult blood analysis,
food pathogens screening, haemoglobin diagnostics, infectious disease testing and chol esterol
screening. A point of care facility can comprise any medical facility capable of providing
such patient tests such as a doctor’ s surgery, aclinic, or aspecialist centre. Where a point of
care deviceisused by apatient in their own facilities either by themselves or by avisiting
medical practitioner, the patient test data can be obtained as an output from the device on a
storage mediafor later upload to a point of care computer, or as asignal to be transmitted

over acommunications network (wired or wireless) to the point of care computer.

A first embodiment of the present invention will now be described with reference to figure 1.



Figure 1 schematically illustrates a patient test data gathering and processing system. Point of
care devices 11ato 11f are provided to obtain patient test data. The point of care devices 11a
to 11f are connected to interfaces in respective point of care (POC) computers 20 and 30. The
POC computers 20 and 30 are provided at POC facilities or accessible to POC facilities. The
POC devices 11ato 11f may be present at the POC facility or used at a remote location when
portable e.g. at the patients premises or in amobile facility. The POC devices 11ato 11f
generate output patient test data as aresult of atest being performed by an operator for a
patient. The patient test data can be output using any known convenient method which
depends upon the output capabilities of the POC device and includes:

From POC device A (11a) over aseria computer lineto aserial computer port in the
POC computer 30.

From POC device B (11b) over aUSB link to a USB computer port in the POC
computer 30.

From POC device C (11c) over awireless Wi-Fi link to awireless port in the POC
computer 20.

From POC device D (11d) over a Bluetooth® link to a Bluetooth® port in the POC
computer 20.

From POC device E (11€) over an Ethernet line to an Ethernet port in the POC
computer 20.

From POC device F (11f) over an internet connection to an internet network interface

so as to be able to upload the POCT data directly to the service provider’s computer 60.

From a POC device the patient test data can also be stored onto a storage device such as a
solid state memory device, an optical disk or even amagnetic disk to be read by an
appropriate storage device reader in the POC computer or any other computer for the
uploading of the POCT data to the service provider’s computer 60.

In one embodiment, the POC devices are connected to the POC computer 20 and 30 viaa
local area network at afacility. The local areanetwork can be a network provided at the
facility for general networking of computers at the facility and hence the system can utilise
the network aready provided at the facility to connect POC devices located around afacility
to the POC computer 20 and 30. If a POC device does not have alocal area network
interface, a network device can be provided connected to the output of the POC deviceto

convert the output for output of the local area network. For example, such a network device
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can convert aUSB output to alocal area network output, or a serial output to alocal area

network output.

The POC computer 20 and 30 comprises any suitable computing device such as a generd
purpose computer, a server, amobile device, alaptop, tablet computer etc. The POC
computer 20 and 30 implements computer code in the form of a client application 21 and 31
and optionally aweb browser application 22 and 32 can be included. The POC computer 20
and 30 has a connection via a network interface to the internet 10 over awired or wireless
network to provide the web browser application 22 and 33 and the client application 21 and
31 with access to send and receive data over the internet 10. A medical facility can include a
single POC computer or multiple POC computers. The medical care provider operating the
facility may operate more than one facility.

Although in this embodiment, the POC computer 20 and 30 can optionally include aweb
browser to provide a user interface to the service provider’s computer 60, a user can use a
web browser on any computer to access the web server 61 of the service provider’s computer
60.

Electronic health records (EHR) are stored and can be maintained by EHR providers or by
medical care providers. There are anumber of such providers available and different medical
care providers use different EHR providers. Usually amedical care provider usesasingle
EHR provider. The EHR providers host the EHR records in databases 43 and 53 on
computers 40 and 50. In this embodiment, each EHR provider’s computer 40 and 50
implements an internet interface 42 and 52 for interfacing via a network interface to the
internet 10 and an application server 41 and 51 for providing the required functionality and
interface to the respective EHR databases 43 and 53. To facilitate connection by the service
provider’s computer 60 to the application server 41 and 51, the internet interface 42 and 52
can comprise an application programming interface (API). The EHR provider’ s computers
can in alternative embodi ments be connected by any form of network connection over a

network to enable the service provider’s computer 60 to connect to it.

In this embodiment, the patient test data processing is hosted in a service provider’ s computer
60 comprising a server system implementing a Software as a Service (SaaS) model, where a

‘thin client’ in the form of the client application 21 and 31 isimplemented on each POC
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computer 20 and 30. On the service provider’s computer 60 web services are implemented to
provide the functionality. In this embodiment, on the POC computer 20 and 30 a Windows®
service can be implemented to provide the functionality. In alternative embodiment,
aternative well know implementations can be used.

Asshown in figure 1 schematically, aweb server 61 is provided with access to web server
data 66 to provide aweb interface for users. This enables an operator to login into the service
and interact with interfaces generated by the web server 61 e.g. to view lists of and select
cached patient test data, to input required additional patient test data, user preference
parameters (such as manual or automatic processing of the patient test datafor entry in an
EHR of apatient) and EHR order data, etc. An application server 62 is provided to provide
the functionality and access the device and user database 63, the test data database 64, and the
order database 68 forming part of the data warehouse 600. Both the application server 62 and
the web server 61 are connected by a network interface 67 to the internet 10. The device and
user database 63 stores alibrary of test type objects defining a common data format for atype
of test and hence forms alibrary store.

Figure 2 is a schematic diagram of a client application 31 according to one embodiment. The
client application 31 comprises two distinct functional modules, namely a device interface
module 31afor sending and receiving data to and from POC devices 11ato 11f, and a server

interface module 31b for interfacing with the service provider’s computer 60.

The web browser 32 illustrated in the POC device in figure 1 can provide a web interface to
enable an operator to login to the service provider’s computer 60, to view alist of and select
cached patient test data, to enter required additional patient test data, to enter and view
operator qualification data for regulatory compliance etc. Alternatively an operator can use
any computer with aweb browser to login and access the cached test data stored at the
service provider’s computer 60.

Figure 3 isadifferent schematic diagram of aclient application 31 according to an
embodiment of the invention. This schematic diagram illustrates that the client application 31
is composed of functional modules comprising configuration data 310 stored in non-volatile
memory in the POC computer 30 storing configuration parameters for each POC device 11a

to 11f connected to the POC computer 30. The configuration parameters can be entered by an
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operator, automatically detected, or downloaded from the service provider’s computer 60.
The configuration parameters include a device identifier and name, a connection type e.g.
USB, Wi-Fi, serial, Ethernet, or Bluetooth, connection parameters e.g. port number, baud
rate, parity etc. In addition to the POC device name, each POC deviceis assigned a unique
identifier since a POC computer may be connected with more than one POC device with the
same name e.g. ABC Inc Blood Tester. This use of stored configuration parameters that can
be downloaded from the service provider’s computer 60 from the device and user database 63
avoids the need for the operator to have to input the configuration parameters and instead
relies on having alibrary of configuration parameters for POC devices stored in the service
provider’s computer 60. When a POC device is connected for the first time, the client
application can carry out an auto detection routine to detect configuration data parameters for
the selected POC devices. Such parameters include a device name, a connection type e.g.
USB, Wi-Fi, serial, Ethernet, or Bluetooth, connection parameters e.g. port number, baud
rate, parity etc. In addition to the POC device name, each POC deviceis assigned a unique
identifier since a POC computer 20 or 30 may be connected with more than one POC device
with the same name e.g. ABC Inc Blood Tester. Alternatively, the device name can be
required to be the unique identifier. This process avoids the need for any input by the
operator or the need for alibrary of configuration datafor the POC devices, but it does
require an algorithm for detecting the connection of POC devices and then for determining
the configuration data.

In on embodiment a monitoring module 312 can be used to monitor the network and input
ports of the POC computer 30 for data output to the POC computer 30 by the POC device 11a
to 11f. A core module 311 controls the monitoring module 312 in according with the
configuration parameters and receives the input patient test data and adds the POC device
identifier and POC computer identifier to it before passing it to an internet interface module
314 to transmission to the service provider’s computer 60. A browser interface module 313 is
provided and controlled by the core module 311 to interface to the web browser 32 to enable
an operator to login to the service provider’s computer 60 to view alist of and select cached
patient test data, to enter required additional patient test data, to enter and view operator
qualification data for regulatory compliance etc.

Figure 4 is a schematic diagram of an application server 62 hosted on the service provider’s

computer system according to one embodiment. The application server 62 operates a core
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web services module 610 which has access to a cache memory 670 for temporary storage of
patient test data pending approval and/or completion, and which provides an interface 640 to
the data warehouse 600. A reports module 660 is provided to provide users of the service
with access to reports on patient tests. A device interface module 620 is provided which
implements specific device modules 621 dependent upon the identity of the devices detected
in the patient test data. The device modules 621 receive the patient test data and perform
device specific processing on it, namely the datawhich isin aformat specific to the deviceis
parsed using a parser specific to the device to reformat the data according to atest type object
dependent upon the test type identified for the patient test data or using an knowledge of the
format of the patient test data to apply appropriate parsing rules. The library of test type
objects in the data warehouse 600 is accessed to identify the test type. The patient test data
reformatted according to the identified test type can then be stored in the cache 670 pending
approval and/or completion. An EHR interface 630 is aso provided and implements EHR
modules 631 which can be specific to the EHR provider to which the patient test dataisto be
transmitted. The EHR modules 631 can use a specific Application Programming Interface
(API) made available by the EHR provider to enable data to be exchanged between the EHR
provider’s computer 40 and 50 and the service provider’s computer 60. Alternatively, the
data can formatted according to an agreed standard for EHR providers so that it can be
recognised when uploaded to the EHR provider. The EHR provider can be identified from an
order identifier associated with the patient’ s point of care test. When amedical practitioner
places an order for aPOCT in an EHR, the order is assigned aunique identifier and it is
associated with the patient record and patient identifier in the EHR. Aswill be described in
more detail herein after, when a patient test is performed an operator can input a patient name
or identifier enabling the order to be found in the EHR and hence associated with the patient
test data in the cache 670 of the service provider’s computer 60 pending completion and
acceptance of the patient test data by the operator if the operator has set the processing of the
test data to require manual input or if the data isincomplete and cannot be automatically
processed.

A method of operating the patient test processing system according to one embodiment will
now be described with reference to figure 5. The steps of the following flow diagram
performed by the service provider’s computer are implemented by code executed by the

service provider’s computer 60.
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A point of caretest is performed on apatient in step S1 and the POC device outputs the point
of caretest datafor the patient (step S2). The point of care test datais received by the POC
computer 20 viaa POC interface such as a seria interface, a USB interface, an Ethernet
interface, aWi-Fi interface or a Bluetooth® interface and 30 (step S3) and the client
application 21 and 31 adds an identifier for the device POC computer 20 and 30, and a unique
identifier and name for the POC device to the point of care test data (step S4). The point of
caretest datais then transmitted over a network interface to the service provider’ s computer
60 (step S5). Upon receipt at the service provider’s computer 60 the device nameis used to
identify the device module 621 to implemented to process the patient test data from the POC
device. The device module 621 verifies that the datais of the format that was expected for the
POC device, parses the patient test data and stores the parsed point of care test datain the
cache 670 (step S6). The parsing performed by the device modules 621 takes the point of care
test data from the POC device and formats the point of care test data according to atest type
determined from atest type library on the basis of the POC devicein use. In other words,
each device module 621 has an associated set of device test typesthat it can produce point of
caretests for. Each device type is associated with the set of test types available to be run on
that device. A user of the system can define a subset of test types they wish to use for each

device based upon the specific consumables they use with the device.

The point of care test datafor apatient is then assigned a unique test identifier and processed
to determine whether the parameters are in aform of aknown test type. If they are not (step
S7) thetest datais stored in the cache 670 and not processed further and information on the
test is added to a queue for the user (e.g. operator of the POC computer) in step S8. The user
or operator isindirectly identified in the point of care test data by the inclusion of an
identifier for the facility at which the POCT was performed. The users are associated with the
facility in the database. This allows the operator to login to the service provider’s computer
60, as a user associated with the identified facility, to view and correct, update or complete
point of care test datafor patients that had POC test performed at their facility, aswill be

described in more detail herein after.

If the test type is recognised as known in step S7, in step S9, it is determined whether the
operator has set aflag in the system that determines whether the point of care test dataisto
be processed automatically or manually. A flag can be set for all POC test performed at a

facility point of caretest data or just for certain types of test data or even for certain patients.
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If theflag is set for the point of care test datato manual, the test datais stored in the cache
670 and not processed further and information on the test is added to a queue for the user
(e.g. operator of the POC computer) in step S8.

If the point of care test datais to be automatically processed, in step S10 the process
determined whether the patient identifier included in the point of care test data is recognised.
The patient identifier may be a Medical Record Number (MRN). Alternatively, if the point of
care data includes the patient’ s full name and date of birth, this can be recognised as the
patient’sidentifier. The facility identifier included in the POCT data can also be used to assist
in the identification of the patient by reference to the EHR provider’s computer if the patient
identifier information in the POCT datais not sufficient to uniquely identify the patient. It is
possible for EHR datato be queries using the EHR interface using the POCT datato try to
uniquely identify the patient. For example, the facility identifier, the [imited patient
information (such asfirst and last name) and the POC test type can enable an order for the
test to be identified in the EHR records and hence the identity of the patient can be
ascertained i.e. an MRN determined and added to the POCT data.

If the patient’ sidentifier is not recognised, the test datais stored in the cache 670 and not
processed further and information on the test is added to a queue for the user (e.g. operator of
the POC computer) in step S8. If the patient identifier is recognised, the process then
determinesin step S11, based on which electronic health provider isto be used, whether an
order for the point of care test isrequired in an electronic health record for the patient. The
determination of which electronic health record provider isto be used can be based on an
agreement with the provider, or datain the point of care test data such as part of data
associated with apoint of care test order. Normally a health care provider operating afacility
will select an EHR provider and this association between afacility (asidentified in the POCT
data) and the EHR provider can be used to identify the EHR provider. In an aternative
embodiment, if thereis no indication of an electronic health record provider to be used and
one cannot be determined from the POCT data, the system can select afirst oneto try and can

repeat the process for anumber of electronic health record providers.

If apoint of caretest order isrequired for the electronic health record provider, in step S12 a
guery is sent to the electronic health record provider’ s computer with the patient identifier to
identify the patient’s electronic health record. In step S13 the electronic health record
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provider’s computer looks up the patient’s el ectronic health record and identifies any
outstanding point of care test ordersin their electronic health record. An outstanding point of
caretest order can be flagged as unfulfilled in the electronic health record. This flag can be
set to fulfilled when the point of care test data is uploaded, either automatically by the EHR
or by an additional instruction over the EHR interface. If there is more than one order
outstanding for a patient, the most suitable order can be determined based on a best match to
the POCT data and the order type information for the facility. In step S14, the electronic
health record provider’s computer responds to the query with an order identifier and order
data or anull indicating than no order was found. The order data returned to the service
provider’s computer 60 can comprise not just data specific to the order but also selected data
from the electronic health record. The data can comprise any datathat may be useful for
addition to the point of caretest datato complete the set of data to meet the requirements set
by the electronic health provider. Electronic health providers can define the data and the data
format required for point of care test data to be able to be uploadable to the el ectronic health
record.

If the electronic health record provider’s computer returns a null indicating that there was no
point of caretest order identified, in step S15, the test datais stored in the cache 670 and not
processed further and information on the test is added to a queue for the user (e.g. operator of
the POC computer) in step S8. If the electronic health record provider’s computer returns an
order identifier, in step S15 the process moves on to step S16 where the returned order dataiis
used to try to complete any missing data for the point of care test data. The missing data can
be identified as data missing compared with the data set required by the electronic health
record provider before a point of care test can be uploaded into an electronic health record.

The process then determines whether the point of care test data is complete i.e. matches the
requirement of the electronic health record provider in step S17. If not, the system has been
unable to automatically complete the data set and manual intervention is required. Hence, the
test datais stored in the cache 670 and not processed further and information on the test is
added to a queue for the user (e.g. operator of the POC computer) in step S8. If the test datais
complete, in step S18 the point of care test datais uploaded to the electronic health provider's
computer. In step S19, the upload process is monitored to determineiif it fails. If it doesfall,
the test data is stored in the cache 670 and not processed further and information on the test is
added to a queue for the user (e.g. operator of the POC computer) in step S8. If the upload is

15



successful, in step S20 the point of care test data is stored in the electronic health record with

the order identifier by the electronic health record provider’s computer.

If in step S11 it is determined that the electronic health record provider does not require an
order for the point of care test in the electronic health record for the patient, the process
jumps to step S17 to determineif the point of care test datais completei.e. matches the
requirement of the electronic health record provider in step S17. If not, the system has been
unable to automatically complete the data set and manual intervention is required. Hence, the
test datais stored in the cache 670 and not processed further and information on the test is
added to a queue for the user (e.g. operator of the POC computer) in step S8. If the test datais
complete, in step S18 the point of care test datais uploaded to the electronic health provider's
computer. In step S19, the upload process is monitored to determineiif it fails. If it doesfall,
the test data is stored in the cache 670 and not processed further and information on the test is
added to a queue for the user (e.g. operator of the POC computer) in step S8. If the upload is
successful, in step S20 the point of care test datais stored in the electronic health record by
the electronic health record provider’ s computer.

As can be seen from the description of the operation of the embodiments, the use of the cache
for storing the point of care test data at the service provider’s computer 60 ensures that the
patient test datais stored and available for uploading to the EHR provider’s computers 40 and
50 and can wait if an EHR provider’s computer 40 and 50 becomes unavailable until it
becomes available so no patient test dataislost. The point of caretest datais only stored in
the test data database 64 of the data warehouse 600 when the point of care test datais
uploaded to an electronic health record provider’ s computer. Thus arecord of the uploaded

point of caretest datais kept which is separate to the electronic health record providers.

In the process described with reference to figure 1, if the electronic health record provider
requires an order for a point of care test before it can be uploaded into the electronic heath
record and one is not provided in the point of care test data, the processis unable to proceed

further automatically and requires manual intervention.

Figure 6 illustrates an alternative embodiment in which an order number for a point of care
test is automatically determined and used for the uploading of the point of care test datato the
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electronic health record provider’s computer. The process can be implemented as an

alternative to the manual processing required after step S15 in the flow diagram of figure 5.

If the order cannot be identified in step S15, in step S50, the process can determined whether
the user is permitted to create an order for the point of caretest in the electronic health
record. If not, the process returns to step S8 as described with reference to figure 5. If the user
IS permitted to create an order, in step S51 parameters of the point of care test data are
compared with and matched to parameters of order types stored in the order database 68. The
order types can comprise sets of parameters defining format for order types accepted by
electronic health providers. The match can indicate that the order type is suitable to be raised
against the patient and for the test data to be used to fulfil it. In step S52 an order type having
the best match to the parametersisidentified and in step S53 the API to the el ectronic health
provider’s computer is used to create a point of care test order in the electronic health record
for the patient. The electronic health record provider’s computer then returns a point of care
test order identifier to the service provider’s computer 60 viathe API in step S54. Also, point
of care order data can be returned to the service provider’s computer to assist with the
completion of the point of caretest data. Alternatively, it may be necessary for the service
provider’s computer 60 to make arequest for the order identifier before the order identifier is
returned.

The process can then return to step S16 of figure 5 for the process to try to complete the point
of caretest data using the point of care order data as described herein above with reference to

figure5.

Thus, this embodiment provides a method to reduce the reliance on the manual input of an
order number or theinability to identify and retrieve an order by an automated process for the
determination and creation of a point of care test order. Also, a user need not have to access
an electronic health record provider’s computer to of contact an electronic health provider to
create a point of care test order before a point of care test result can be uploaded to the

electronic health record for a patient.

Figure 7 isaflow diagram illustrating the process of the manual intervention on the point of
care test data added to the queue for users.

17



An operator of apoint of care device or any other authorised user can log into aweb interface
provided by the service provider’s computer 60 in step S30. A queue of point of caretests are
displayed for the used in step S31 to enable the user to select one. If in step S32 the user
selects atest with amissing point of care test order, a user can request the creation of a point
of caretest order in an electronic health record for a patient in step S33. This may require the
user to access the electronic health record provider’s computer to contact the electronic health
record provider or the service provider’s computer may provide access to the electronic
health record provider’s computer using the API. Once the point of care test order is created
in the patient’ s electronic health record it is assigned an order identifier and this can be
identified by searching for unfulfilled orders for the patient and it can be added as part of the
point of care test datain step S34. The test data in the queue can then be updated to remove
the test in step S35 and the process returns to step S17 in figure 5.

If the user selects atest missing test datain step S36, the user can enter missing test
parameters to complete the test datain step S37. The test datain the queue can then be
updated to remove the test in step S35 and the process returns to step S17 in figure 5.

If the user selects atest that failed to upload in step S38, the user can select to resend the test
datain step S39. The test datain the queue can then be updated to remove the test in step S40
and the process returns to step S18 in figure 5.

If the user selects atest of unknown test typein step S41, in step SA42 the user can input data
for anew test type for storage. The test and any other test having this test type can then be
resubmitted for processing in step S43. The test data in the queue can then be updated to
remove the test in step S44 and the process returns to step S9 in figure 5.

If the user selects atest that has been marked for manual processing, the user can configure
the test data manually in step $46. The test data in the queue can then be updated to remove
the test in step S44 and the process returns to step S9 in figure 5.

The form of the data structures used in embodiments will now be described. The data

structures used in the processing system of the embodiments comprise:

POCT test
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POC Facility ID
Device Test Type ID
Results ID

POCT order (POCT order ID)

POCT order type

Physician ID —the physician that ordered the test

EHR record ID —for patient (the record will include the patient ID) Patient
identifying information (possible additional information — not just reliant on EHR record
data)

Date

Appointment information

Facility ID

EHR Order Type Code

POC facility (POC facility D)
POC computer IDs
Operator IDs
EHR ID and login details
Physician ID - aphysician can have arelationship with afacility

POC computer (POC computer 1D)
POC device IDs

Order Type Mapping
EHR Order Type Code
Device Test Type ID
Analyte Mapping IDs

Analyte Mapping
Analyte Mapping ID
EHR Anayte Code
Anayte ID
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Device Test Type
Device Test Type ID
Device Test Type Name
Device TypeID
Analyte IDs

Analyte
Anayte ID
Analyte Name

Operator (operator 1D)
Name

Login details

Devicetype
Device Type ID
Device instances
Supported device test types
Seria number
Connection information including connection type, port no etc

Quiality control data
POC computer ID
Operator ID
Facility ID
Time and date
Result IDs
DeviceID
Devicetype
Test type
Additional data e.g. comments
Accept or regject by operator (reason input by operator)
Consumable type
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Test data
POC computer ID
Operator ID
Facility ID
Time and date
Result ID
DeviceID
Devicetype
Test type
Patient ID
POCT Order ID (optional)
Additional data e.g. comments
Accept or reject my operator (reason input by operator)

Consumable type

Result (Result 1D)
Anayte ID
Value
Units
Abnormal
Pass/Fail (quality control)

Point of caretest data will comprise some common fields such as patient identifier, data and
time of test, test type, and device identifier and some fields that are test specific e.g. for a
urinalysis test the data can include datafor glucose level and pH. Additional required data
can be input by an operator, such asfor aurinalysis test can include colour and clarity of the
sample. The user interface for such a selection can provide alimited selection of color and

clarity values that the operator has to choose from.

Continuing with the example of aurinalysis, an instantiation of the test type for a specific
device would include a Device ID e.g. the serial number and data comprising: pH, glucose
concentration, colour, clarity, ketone, blood, nitrite, protein, leukocyte esterase, bilirubin and

specific gravity.
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It can be seen from the data structure described above that parameters missing in the point of
care test data such as the order identifier, and even the MRN for a patient can be determined
by accessing the electronic health record for a patient. So long as the patient can be identified,
such as by their full name and date of birth, their electronic health record can be identified
and the data contained therein used to assist in the completion of the point of care test data for
upload to the electronic medical record. If the point of care test includes an order identifier,
the data stored for the order can be used to assist in the completion of thetest data. If thereis
no order, the service provider’s computer can deduce an order type and request the creation
of that type of order in the electronic medical record for the patient, so that the order

identifier can be included in the test data and the test data can be uploaded to the electronic
health record. Alternatively the POCT data can be submitted to the EHR directly against the
patient, if it is permitted by the EHR to upload POCT data without an order.

In one embodiment, the electronic health record provider’s computer includes a workflows
system that generates notifications and/or verification requests when point of care test datais
uploaded into the electronic medical records. Some electronic health record providers set
their workflow to send out notifications of atest data upload and may send a request for
verification of an uploaded test data based on the setting of flags or parametersin the
electronic health record computer. In order to avoid unwanted notifications and/or
verification requests being sent out, the API between the service provider’s computer and the
electronic health record provider’s computer enables the service provider’s computer to set
the flags or parameters in the electronic health record provider’s computer for the
notifications and/or verifications in accordance with parameters stored by the service
provider’s computer, such asin the point of care test data. For example, when uploading test
data, the service provider’s computer can set the flags or parameters for the test data
according to the site of the point of care test, the facility used, the location, the point of care

device, the operators, or the test type.

This embodiment enables the health care provider administrators to provide their notification
and/or verification requirement to the service provider’s computer for storage and usein the
control of the flags when uploading point of care test datato electronic health record
provider’s computers.
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In the described embodiments of the invention, the provision of the data warehouse 600
enables centralized and common detailed reports on patient tests for multiple EHR providers,
POC devices, operators, POC facilities, test types, regulatory compliance, and even POC
consumable user for POC devices from the same manufacturer or supplier.

Although in the embodiments described above the POC datais collected from POC devices
by a POC computer, alternative embodiments include received test data directly from POC
devicesif the POC devices are capable of directly sending the test data to the server.

It will be readily understood to those skilled in the art that various other changesin the
details, material, and arrangements of the parts and method stages which have been described
and illustrated in order to explain the nature of the inventive subject matter may be made
without departing from the principles and scope of the inventive subject matter as expressed

in the subjoined claims.
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CLAIMS

1. A server system for processing patient test data from at least one point of care
device, the server system comprising:
atest datainterface for receiving point of care test datafor a patient from at |east
one point of care device;
an electronic health record provider interface for interfacing with at least one
electronic heath record provider’s computer, the at |east one el ectronic health record
provider’s computer storing electronic health records for patients;
program memory storing computer code; and
aprocessor for reading and implementing the computer code in the program
memory;
wherein the program memory stores computer code for implementation by the
processor to;
control the test data interface to receive the point of care test datafor the
patient from at |east one point of care device,
identify additional required data missing from the point of care test data
for the patient according to electronic health record provider requirements,
control the electronic health record provider interface to retrieve
electronic health record data for the patient from a said electronic health record
provider’s computer, and
process the retrieved electronic health record data for the patient to try to
identify the additional required data in the retrieved electronic health record
data, and to automatically add any identified additional required datain the
retrieved electronic health record data to the point of care test datafor the patient
to try to form complete point of care test data for the patient.

2. A server system according to claim 1, wherein the additional required data
comprises an order identifier entered in the electronic health record for the patient
indicting that the point of care test for the patient was ordered by a physician, and the
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retrieved electronic health record data comprises an order identifier from the electronic
health record data for the patient.

3. A server system according to clam 2, wherein the additional required data
includes additional data and the retrieved electronic health record data comprises an
order identifier and associated order data from the electronic health record datafor the

patient.

4. A server system according to clam 1, wherein the computer code is adapted to
be implemented by the processor to control the electronic health record provider
interface to transmit the complete point of care test data for the patient to the electronic
health record provider’s computer for inclusion in the electronic health record for the

patient.

5. A server system according to any one of claims 1 to 4, wherein the electronic
health record provider interface comprises at |east one API for interfacing to the at least

one electronic health record provider’s computer.

6. A server system according to any one of claims 1 to 5, wherein the computer
code is adapted to be implemented by the processor to control the electronic health

record interface to obtain the electronic health record provider requirements.

7. A server system according to any one of claims 1 to 6, wherein the computer
code is adapted to be implemented by the processor to store point of care test data that
could not be automatically completed and to generate a notification to a user to enable

the user to enter datato form complete point of care test datafor the patient.

8. A method at a server system for processing patient test datafrom at least one
point of care device, the method comprising:
receiving point of caretest data for a patient from at |east one point of care

device;
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identifying additional required data missing from the point of care test data for
the patient according to electronic health record provider requirements,

retrieving electronic health record data for the patient from an electronic health
record provider’s computer, the electronic health record provider’ s computer storing
electronic health records for patients; and

processing the retrieved electronic health record datafor the patient to try to
identify the additional required datain the retrieved electronic health record data, and
automatically adding any identified additional required datain the retrieved electronic
health record data to the point of care test data for the patient to try to form complete
point of care test datafor the patient.

9. A method according to claim 8, wherein the additional required data comprises
an order identifier entered in the electronic health record for the patient indicating that
the point of care test for the patient was ordered by a physician, and the retrieved
electronic health record data comprises an order identifier from the electronic health

record data for the patient.

10. A method according to claim 9, wherein the additional required data includes
additional data and the retrieved electronic health record data comprises an order
identifier and associated order data from the electronic health record data for the patient.

11. A method according to claim 8, including transmitting the complete point of
care test data to the electronic health record provider’s computer for inclusion in the

electronic health record for the patient.

12. A method according to any one of claims 8 to 11, wherein the electronic health

record provider’s computer isinterfaced to the server system using an API.

13. A method according to any one of claims 8 to 12, including obtaining the
electronic health record provider requirements from the electronic health record

provider’s computer.
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14. A method according to any one of claims 8 to 13, including storing point of care
test data that could not be completed and generating a notification to a user to enable the

user to enter datato form complete point of care test data for the patient.

15. A carrier medium carrying computer readable code for controlling a computer to

carry out the method of any one of claims 8 to 14.
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