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ANALYTE TEST INSTRUMENT SYSTEM INCLUDING
DATA MANAGEMENT SYSTEM

BACKGROUND OF THE INVENTION

Health care professionals at medical institutions are routinely required to use
various instruments to perform bedside tests on patients to monitor various aspects of
patients’ health. These tests generate substantial amounts of medical data which is
often collected and organized for subsequent analysis. The data can include results of
tests to determine the level of one or more analytes (e.g., blood glucose, ketones).

Traditionally, the primary means for collecting and organizing data obtained from
the instruments is a printed or transcribed record of the test results. To review the
results, a health care professional either retrieves the results from the institution’s
records department or goes to the patient's room. Since these results are often
available only in printed form, chronological and statistical analysis is difficult.

Government regulations require medical institutions to perform control tests on
instruments used for patient testing at regular intervals to ensure the accuracy of test
results. Health care professionals that operate such instruments are also required to
undergo periodic recertification.

Members of the institution’s administrative staff are frequently responsible for the
review of instrument control test data and recertification procedures to ensure
compliance with federal regulations. in many instances, however, administrators
identify tests involving “out-of-specification” instruments, expired supplies (e.g., test
strips), or uncertified health care professionals after testing has been completed. These
test results are either accepted or the patient can be subjected to another test.

It is therefore desirable to have a health data management system in which each
of a plurality of medical test instruments are connected to a data communications
network to provide real time transfer of patient test results to a centralized location. In

addition, it is desirable to include in such a system a security mechanism for preventing
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testing of patients with “out-of-specification” instruments, expired supplies (e.g., test

strips), or uncertified health care professionals.

SUMMARY OF THE INVENTION

A hand-held analyte test instrument has been developed. The instrument
includes a barcode reader disposed in a housing for scanning a barcode associated
with a test strip for receiving an analyte. The housing also includes a port for receiving
the test strip. Electronic circuitry in electrical communication with the port is used for
processing an analyte signal received from the test strip and generating analyte data.
Also included is a display in electrical communication with the circuitry for displaying
certain analyte data. The instrument also has a connector in electrical communication
with the circuitry and connectable to a host computer over a data communications
network. The circuitry automatically uploads analyte data to the host computer when
the connector is connected to the network.

A hand-held analyte test instrument includes a housing having a port for receiving
a test strip configured to receive an analyte. The instrument also includes electronic
circuitry in electrical communication with the port and a connector. The electronic
circuitry processes an analyte signal received from the test strip and generates analyte
data. The connector is electrically connectable to a power source. The instrument also
includes a display, a battery compartment, and a rechargeable battery pack. The
display is in electrical communication with the circuitry and is used for display of certain
analyte data. The battery compartment is formed in the housing and includes a pair of
electrical contacts for providing power from a battery to the circuitry, and a pair of
recharge contacts. The rechargeable battery pack is disposed in the battery
compartment and includes a rechargeable battery disposed in a battery holder, and a
bus bar disposed on the battery holder and in electrical communication with the
recharge contact pair for recharging the battery when the instrument is connected to the

power source.
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A docking station for receiving a hand-held analyte test instrument has been
developed. The docking station includes a connector, a switch, a first and second data
port, and a control mechanism. The connector is electrically connectable to the
instrument for receiving analyte test data. The switch is in electrical communication with
the connector. The first data port and the second data port are in electrical
communication with the switch. The first and second data ports are electrically
connectable to a computer and a peripheral device, respectively. The control
mechanism controls the switch to selectively pass the analyte data to the computer via
the first data port or to the peripheral device via the second data port.

A method of managing data for a plurality of analyte test instruments connected
to a data communication network includes the steps of detecting via a host computer
the connection of each instrument to the network and uploading the data received from
each instrument to the host computer. The method also includes the steps of
processing the uploaded data on the host computer for operator review and
downloading configuration data from the host computer to each instrument. The
downloaded data includes setup and control data that can be specific to each

instrument.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages of the invention will
become apparent from the following more particular description of preferred
embodiments of the invention, as illustrated in the accompanying drawings. The
drawings are not necessarily to scale, emphasis instead being placed on illustrating the
principles of the present invention.

FIG. 1 is a perspective view of an analyte test instrument disposed in a docking
station.

FIG. 2 is a functional block diagram of a plurality of medical test instruments

connected to a host computer over a data communications network.

L2
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FIGS. 3A - 3C are top, side and end views, respectively, of an analyte test
instrument.

FIG. 4 is a cut-away perspective view of an analyte test instrument.

FIG.5is a sample of displayed data provided on a LCD module of an analyte test
instrument.

FIG. 6 is a perspective view of a three-electrode test strip for use with an analyte
test instrument.

FIGS. 7 is a perspective view of the back of an analyte test instrument opened to
expose a battery compartment and a separate rechargeable battery pack.

FIGS. 8A - 8B are illustrations of a rechargeable battery pack and a two finger
leaf spring contact connector for use with the rechargeable battery pack, respectively.

FIGS. 9A - 9B are cross-sectional views of an analyte test instrument shown with
alkaline power cells and with a rechargeable battery pack, respectively.

FIG. 10 is an illustration of a battery monitoring circuit and recharge current circuit
employing a pair of two finger leaf spring contact connectors.

FIGS. 11A - 11B is a perspective view of a docking station for use with an analyte
test instrument.

FIG. 12 is a functional block diagram of a docking station switching circuit for
directing data transfer between two ports.

FIG. 13 is an illustration of a computer interface cable for use with a docking
station.

FIG. 14 is a functional block diagram of a data management system for use with
multiple analyte test instruments in a hospital environment.

FIG. 15 shows one possible configuration of database tables for use in an analyte

instrument data management system.

DETAILED DESCRIPTION

Referring to FIG. 1, an instrument 10 used in patient testing for one or more

analytes (e.g., blood glucose, ketones, etc.) in a hospital environment is shown
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positioned in a docking station 12. The instrument 10 analyzes a patient sample (e.g.,
blood) deposited on one end of a test strip when the other end of the strip is inserted in
the instfument 10. The docking station 12 allows for automatic transfer of test results to
a host Computer and provides power to recharge an internal battery pack when the
instrument 10 is positioned in the station 12.

In a typical health care facility, a plurality of instruments 10 can be networked to a
host computer 14 though docking stations 12 as shown in FIG. 2. For example, one
instrument can be assigned to each patient room. A nurse or other operator inserts a
test strip into the instrument and deposits a patient sample onto an exposed portion of
the test strip. An audible indicator alerts the operator when a sufficient patient sample
volume for analysis has been deposited on the test strip. The instrument then analyzes
the sample and displays the results on the LCD module. The operator can return the
instrument to the docking station 12, even before the results are available, where the
test data (operator ID, patient ID, date, time, and other parameters) are automatically
transferred via a cable to the host computer 14. The test data and results can be
directed to a local printer 16 by a cable (e.g., an RS-232 standard interface cable) to
generate a hardcopy, if desired. The network is controlled by the host computer 14 via a
bi-directional data communication link, i.e., data can be transferred from the instrument
10 to the computer 14 and data can be transferred from the computer 14 to the
instrument 10. The latter mode allows for remote independent configuration of individual

instruments or groups of instruments.

Analyte Test Instrument

Referring to FIGS. 3 and 4, an analyte test instrument 20 includes a housing 22,
a user interface 24, and a display area 26. The housing 22 is shaped to permit hand-
held operation for bedside patient testing. The housing 22 includes an internal
subframe 28 for mounting an analog and digital printed circuit boards and a barcode
scan engine 30. The subframe also forms the battery cavity and includes battery
contacts (not shown). The housing 22 is fabricated from rubber or plastic (e.g., ABS

Polycarbonate). Smooth surfaces and a minimum of exposed fasteners and seams help



10

15

20

25

30

WO 00/07013 v PCT/US99/17266

to minimize areas which can collect foreign material and facilitates cleaning of the
instrument. Silicone rubber pads are attached with adhesive to the bottom of the
housing 22 to prevent skidding.

The user interface 24 includes a numeric keypad and function buttons to
activate/deactivate power, select test or menu modes, edit entries, terminate entries,
and activate a barcode reader as a substitute for manual numeric entry. All buttons in
the user interface are fully sealed (e.g., using membrane switches). The keypad and
barcode reader allow operators to enter a variety of data, including operator and patient
identification (ID) numbers, strip control lot numbers, calibration codes, and to set other
instrument parameters (e.g., date time, security intervals, display backlighting). The
barcode reader is preferred for entry of test strip calibration data because it eliminates
the need to visually verify a test strip code during each test.

The display 26 is a graphic style liquid crystal display (LCD) module and provides
multiple lines of text characters. Referring to FIG. 5, a variety of prompts, audio and
visual warnings, and menu items can be displayed along with numerical test results.
The display 26 includes a selectable backlight mode utilizing four amber high intensity
LED'’s to improve visibility in poor lighting conditions.

Referring back to FIGS. 3 and 4, the barcode reader comprises a laser scan
engine 30 and a red acrylic exit window 32. The red exit window 32 acts as an optical
filter to reduce the received light that is not matched to the wavelength of the scan
engine laser source (e.g., 680 nm). The barcode reader includes optics disposed at the
top of the hand-held instrument to provide non-contact reading of barcodes. The reader
is activated by depressing the scan key 34 located at the top of the keypad. The
barcode reader can only be activated if the operator is prompted for entry of any one of
the following: operator ID, patient ID, or strip lot or control vial information. Identification
can be entered manually or read into the instrument via the reader from barcoded
identification tags (e.g., wristbands) worn by operators and patients. Barcoded items
placed within several inches of the exit window 32 can be scanned after depressing the
scan button 34 in the user interface 24. An audible signal indicates successful reading of

the barcode.
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Barcode readers are well-known in the art (e.g., retail checkout scanners) and are
commercially sold by Symbol Technologies, inc. U.S. Patent No. 5,637,856, which is
incorporéted herein by reference, describes barcode scanning systems suitable for
integratibn into an analyte instrument.

The instrument 20 includes a test strip port 36 which accepts test strips for
determining the level of analyte in a sample taken from the patient. U.S. Patent No.
5,628,890, which is incorporated herein by reference, shows one type of test strip.

A data port ten pin connector 38 is provided in the base of the instrument to allow
connection with mating contacts in the docking station for data transfer, battery recharge
(from external power source), and printer communication. The connector does not
extend beyond the contour of the base end of the instrument. A single row of electrical
contacts within the connector is recessed to prevent inadvertent contact with external
conductors. The instrument 20 responds to commands uploaded from the host
computer linked through the data port. The external computer system initiates data
transfer without any action on the part of the operator after the instrument has been
mated to the docking station.

FIG. 6 shows one type of test strip 40 which includes three electrodes and can be
used with the instrument (see FIG. 4) for determining the level of an analyte in the blood.
The strip is partially inserted into the port 36 so that the sample area 42 remains outside
the housing 22. The blood sample is applied to the sample area 42 and flows to an
active area (not shown) at the unexposed ends of the three electrodes. The active area
creates an electrochemical reaction in the sample, which is monitored electrically.
Because each test strip typically has an expiration date, a strip identifier code which can
be located on the strip package is either manually entered or scanned by the barcode
reader into the instrument 20. If the strip code is not recognized as a valid code, then
the instrument 20 alerts the operator and prevents further operation of the instrument 20
with that strip 40.

Referring to FIGS. 7 and 8A, the instrument 20 is powered by a rechargeable
battery pack 50 (e.g., a nickel metal hydride (NiMH) battery package) securely disposed

in a cavity 52 (i.e., battery compartment) on the underside of the instrument 20. The
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installed battery pack 50 (see FIG. 9A) is recharged by the docking station when the
instrument is positioned in the docking station. Alternatively, the instrument can be
powered by two standard alkaline batteries which are securely disposed in the same
cavity 52 (see FIG. 9A). If an alkaline battery is installed improperly, it will not make
electrical contact and the instrument will not turn on.

In addition, the possibility of inadvertently recharging the alkaline batteries is
eliminated through the use of the custom-designed rechargeable battery pack 50. Also,
keying features in the battery compartment are designed to prevent incorrect insertion of
the battery pack or the insertion of a non-specified battery pack, thus eliminating the
possibility of another battery chemistry from inadvertently being used.

Referring to FIGS. 9A and 9B, the custom-designed battery pack 50 takes
advantage of the void space that exists between two standard alkaline batteries 54, 56
when installed in the battery compartment 52, thereby eliminating the possibility of
standard alkaline cells from activating the recharge functions. The recharge circuitry
includes two independent circuits (see FIG. 10). The first circuit 60 provides recharge
current to the rechargeable battery pack 50. The second circuit 62 determines the
presence of the rechargeable battery pack 50 in order to facilitate the measuring of
battery level. The pack 50 includes a plastic spine 58 which acts as a holder for the two
NiMH batteries 54, 56 and occupies the void space which normally exists between two
installed alkaline batteries. Referring back to FIG. 8A, two discrete conductive pads 64,
66 located in the plastic spine 58 act as bus bar contacts. Each bus bar contact is used
in conjunction with a small two finger leaf spring contact connector 68 (e.g., Bourne
connector) located within the void space in the battery compartment 52 (see FIGS. 8B
and 9A - 9B). Each finger is electrically independent of the other finger in the connector.
When the battery pack 50 is installed, the two electrically discrete bus bar contacts in
the plastic spine 58 create an electrical short across each of the two connectors, thereby
completing two independent circuits (see FIG. 10). Because completion of the electrical
paths requires electrical current to flow from one contact on the connector, through the

bus bar contact, and out the other contact of the same connector, there is no possibility
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that recharge current can be supplied in any other battery system which does not utilize

this battery pack configuration.

Dockind Station

FIG. 11A shows a docking station 70 in a desk mount configuration. An alternate
wall mount configuration is achieved by repositioning an attached mounting bracket 72.
The docking station 70 provides at least the following two important capabilities for the
instrument. First, an instrument with a rechargeable battery pack is recharged when
seated in the docking station. Second, data communication with the host computer or
other devices can be established through the docking station. In particular, the docking
station is capable of hands-free and near real-time transfer of (1) test data to a host
computer and (2) configuration data from the host computer. The docking station 70
also serves as a convenient resting place for the instrument when not in use.

Power is provided to the docking station through an external AC adapter. Status
lights 74 (e.g., LEDs) on the docking station indicate when power is on, when a meter
has been docked successfully, and when data are being transferred through the docking
station. The station 70 includes a docking connector 76 (see FIG. 11B) which includes a
series of electrical contacts and is located in the recessed base. When the instrument is
docked, the docking connector 76 receives a low insertion force (LIF) mated connector
located in the base of the instrument. One of the station connector contacts provides
power to the instrument for recharging the optional battery pack. The battery charge
provided to the instrument is a low current (i.e., trickle charge) received from the docking
station 70 through the instrument’s data port connector 38. The docking station 70
incorporates circuitry to limit overcharging. Although the charging current is available at
all times, only instruments equipped with a rechargeable battery pack are capable of
receiving this current.

Referring to FIG. 12, the data connection through the docking station is
essentially a pass-through connection from the instrument data port connector (see FIG.
4) to one of two standard 9-pin RS-232 ports. A first data port 80 is used for data

transfer (e.g., to a computer, a modem, or an Ethernet terminal server) and the other
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port 82 is available for connection to a peripheral device (e.g., a printer). In its default
condition, the docking station 84 is configured to pass data between the instrument 86
and the‘ﬁrst data port 80. Data is passed to the second data port 82 when the docked
instrument sets a switch 88 for the print mode. After data transfer through the second
port 82 is completed, the docking station 84 resets swifches to connect back to the first
port 80.

The docking station 84 can be connected via a computer interface cable to a
computer, a modem serial port, or some other communications port (e.g., Lantronix box)
for data transfer over a communication line (e.g., a telephone or Ethernet TCP/IP line).
The cable includes a standard nine pin RS-232 connector which mates with the docking
station 84. A similar cable is used to communicate with a printer or other external
device.

FIG. 13 shows a different computer interface 90 cable which can be used in place
of the docking station for direct communication with a computer (e.g., a laptop PC). The
cable includes a standard DB9 connector 91 at one end and a RS-232 connector at the
other end 92. This cable, however, does not include a means to recharge the battery

pack.

Data Management System

A data management system facilitates the data communication and control
between multiple instruments and a computer. The system is particularly advantageous
to instruments used in a health care environment. The system allows test data to be
automatically uploaded from each instrument to the host computer and subsequent
reviewing, graphing and printing of the data. Uploaded data can be made available to
other external systems through a specified port (i.e., a data forward port) for use in third
party applications. In addition, instrument configuration and security data can be
downloaded to the individual instruments according to specific procedures or
preferences.

Referring to FIG. 14, a data management (DM) system is shown as a related

group of functional blocks. When an instrument is placed in a docking station after

10
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testing, the instrument generates a message (i.e., signal) on the network indicating its
presence. The host software monitors the network for messages transmitted from the
instruménts. When a message is received, the host acknowledges the message,
determines the location of the docking station, and identifies the particular instrument.
The host then reviews its database for instructions for that instrument and sends a set of
instrument-specific data (e.g., commands to facilitate data transfer, calibration data) to
the instrument before terminating the session. The specific data transferred are
determined by the operator of the host computer in a previously executed setup
operation. Data from the instruments are stored in a central database which is designed
to be accessed by both the DM system and third party users (e.g., independent data
applications).

Operators can interact with the DM system to configure upload and download
procedures for transferring data to/from specific instruments or instrument groups.
Operators can also use the DM system to review test data uploaded from instruments
and stored in the database. In addition, operators can remotely monitor instruments and
operator performance.

The network monitor function is a background process in the host software that
monitors ports on the host computer to detect communication signals from the
instruments. The network monitor can check selected TCP/IP ports, modem
instruments, and computer serial ports. Once an instrument signal is detected, the
network monitor promptly returns an acknowledgment signal to the instrument and
determines its identification (i.e., serial number) and location. The network monitor
forwards this information to the communications manager and then returns to monitoring
the network for communications from other instruments. The network monitoring
process can be initiated at the operator’s option whenever (1) the host computer is
booted, (2) the data review and instrument setup functions are started, or (3) the user
specifically starts the network monitor executable. Once started, the network monitor
runs continuously on the host unless specifically terminated by the operator. The
operator can view the status of all instruments known to the DM system on a summary

display screen that is continuously updated as instruments check in.

11
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The communications manager is a set of functions within the host software for
controlling data transfer between the host computer and the individual instruments.
These fuhctions allow connection to instruments in remote locations and facilitate
automatic data transfer (i.e., without human intervention) to and from the instruments at
all times. The communications manager opens a communications channel to the
instrument and uploads information to the appropriate location in the database. It also
downloads previously configured security and setup information to the instrument. Any
or all of these functions are specified in advance by the operator using one or more of
the instrument management functions. In the event that multiple instruments check in to
the network simultaneously, multiple communications manager processes (i.e., one per
instrument) can be implemented. Alternatively, a queue of instruments and
corresponding network addresses can be established.

Instrument profiles are sets of commands for a group of instruments that are
executed when the host computer establishes a connection to an instrument in that
group. These commands are used to set the instrument configuration and security
options (e.g., date, time, strip lot list, operator list). If there are no instructions for a
given instrument, a default profile is used. Profiles are created by the instrument
communications library functions which translate commands in the profiles according to
the specific instrument type currently connected to the network.

An operator can use data review functions to access the database to view
(numerically or graphically) or edit information. In some cases, these functions include
data editing capabilities used for entering new data, including lists of operators or new
quality control ranges, into the database. These functions also provide notifications or
warnings based on a review of data uploaded from the instruments. Notifications can
require a user response or acknowledgment for the item that triggered the warning.
Warning items can include expired test strip lots, expired QC lots, unqualified operator
or any other significant condition. Because these functions include modification of the
main database, security procedures (e.g., password protection) are employed to prevent
unauthorized modifications. Preferably, any modifications to the database are logged by

independent software in an independent log file. Data review functions also permit a
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broad range of report generation and manipulation. Reports can include data listings,
graphs and statistical information. File management functions allow the user to save,
print, or‘othenNise manage the data files.

The instrument management functions are used to configure data to be sent to
an instrument in the hospital. A point-and-click graphical user interface is used to select
parameter setting for instrument upload and download, and to create data lists to be
downloaded. The user interface includes instrument-specific dialogs that allow the user
to configure setup items (i.e., parameters that affect instrument performance that are not
directly related to the test). For example, the user interface includes a means for the
user to review a list of operators in the database and to select a subset of these
operators to download to an instrument. Similarly, a list of acceptable strip lots can be
downloaded to each instrument. The download data are in the form of an instrument
profile which can be activated at a later time when the instrument next connects in to the
network (i.e., is returned to a docking station). An instrument grouping utility allows the
user to create, modify and name groups of instruments within the hospital. All
instruments within a given group share the same profile. Instrument setup functions are
used to establish instrument settings and how the instrument performs its tests.
Instrument security functions utilize operator and test strip lot lists stored in the database
to establish which operators or test strips can be used with a given instrument.

The database used in the DM system is a standard commercially-available
database (e.g., Access™, Oracle™) to allow access by other systems or devices. One
possible configuration of database tables is shown in FIG. 14. The database stores test
records from each device and can include parameters such as analyte type (e.g.,
glucose, ketones), test type (e.g., patient, control, etc.), operator ID (i.e., name, training
date and/or expiration date), time and date of test, time and date of upload, strip lot data
(e.g., QC ranges, service and/or expiration dates), patient ID, control lot ID, instrument
name and assigned location, location of upload, pass/fail indication, and comment

codes (including text descriptions of numeric comment codes).

13
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CLAIMS

What is claimed is:

1. A hand-held analyte test instrument comprising:

a housing;

a barcode reader disposed in the housing for scanning a barcode associated
with a test strip configured to receive an analyte;

a port disposed in the housing for receiving the test strip;

electronic circuitry in electrical communication with the port for processing an
analyte signal received from the test strip and generating analyte data therefrom;

a display in electrical communication with the circuitry for displaying certain
analyte data; and

a connector in electrical communication with the circuitry and electrically
connectable to a host computer via a data communications network, wherein the
circuitry automatically uploads the analyte data to the host computer upon

connection thereto.

2. A hand-held analyte test instrument comprising:

a housing;

a port disposed in the housing for receiving a test strip configured to receive
an analyte;

electronic circuitry in electrical communication with the port for processing an
analyte signal received from the test strip and generating analyte data therefrom;

a display in electrical communication with the circuitry for displaying certain
analyte data;

a connector in electrical communication with the circuitry and electrically

connectable to a power source; and

14
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a battery compartment formed in the housing and comprising a pair of
electrical contacts for providing power from a battery to the electronic circuitry and a
pair of recharge contacts;

-a rechargeable battery pack disposed in the battery compartment and
comprising (1) a rechargeable battery and (2) a battery holder in which the
rechargeable battery is disposed, a bus bar disposed on the battery holder and in
electrical communication with the pair of recharge contacts for recharging the

battery when the instrument is connected to the power source .

3. A docking station for receiving a hand-held analyte test instrument, the
docking station comprising:

a connector electrically connectable to the instrument for receiving analyte
data therefrom;

a switch in electrical communication with the connector;

a first data port in electrical communication with the switch and being
electrically connectable to a computer,

a second data port in electrical communication with the switch and being
electrically connectable to a peripheral device;

a control mechanism for controlling the switch to selectively pass the analyte
data to the computer via the first data port or to the peripheral device via the second

data port.

4. A method of managing data for a plurality of analyte test instruments
connected to a data communication network comprising the steps of:

detecting via a host computer the connection of each’instrument to the data
communication network;

uploading data received from each instrument to the host computer;
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processing the uploaded data on the host computer for operator review; and
downloading configuration data from the host computer to each test instrument, the

downloaded data comprising instrument-specific setup and control data.

16
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