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(57) Abstract

A clinical chemistry
analyzer system (10) deter-
mines the concentration of
selected chemicals in body
fluids such as whole blood,
serum, or urine. The system
includes a  disposable
single-use sensing device
(12) which has a cavity for
receiving and holding sam-
ples of the body fluid. At
least one species selective
sensor (16A-16D) and a
reference sensor (16E) are
exposed to the interior of
the cavity to contact the
body fluid sample. The spe-
cies selective sensor (16A-
16D) and the reference sen-
sor (16E) are connected to
a measurement section of
an analyzer (14) by insert-
ing the sensing device into
a receptacle (24) of the ana-

lyzer (14). The measurement section measures a signal from the species selective sensor (16A-16D) and the reference sensor
(16E) which is a function of concentration of the selected chemical species in the sample. A concentration determining sec-
tion of the analyzer (14) then determines the concentration of the selected chemical species in the sample based upon the
measured signal, and the concentration is displayed and printed out.
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CLINICAL CHEMISTRY ANALYZER
REFERENCE TO COPENDING APPLICATION
Reference is made to copending applications

entitled "Disposable Single Use Sensing Device for
Clinical Chemistry Analyzer" by R. Little and R.
Laska, Serial No. 550,313, filed November 10, 1983,
and "Multiple Species Group Disposable Sensing Device
for Clinical Chemistry Analyzer" by M. Knudson, W.
Sembrowich and S. Carlson, Serial No. 550,361, filed
November 10, 1983 which are assigned to the same
assignee as the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention.

The present invention relates to medical

devices. In particular, the present invention
relates to clinical chemistry analyzers which are
used for the measurement of medically significant
substances in body fluids; '

2., Description of the Prior Art.

The  increasing  sophistication in  the
treatment of disease in recent years has led to the
need for diagnostic instrumentation that will
effectively gather accurate information on the
patient before treatment begins. A - critical
component of this informagion' gathering involves
blood analysis for determining the presence and
concentration of particular chemicals in the blocd.

The methods by which chemical data are
gathered for accurate medical diagnosis constitute a
branch of medical science called clinical chemistry.
Currently there are three major methods which are

commonly used to measure the level of chemicals in

3




05

10

15

20

25

30

WO 85/02257 PCT/US84/01814 .«

-2 -

blood or other body £fluids. These methods are:
optical, flame photometry, and ion selective
electrodes.

The optical methods (which are sometimes
referred to as spectrbphotometric methods) operate on
the principle that when specific reagents are mixed
with a sample of the body fluid, a reaction takes
place which allows the measurement of the chemical of
interest by measuring the change in wavelength of
light transmitted by the sample. The clinical
chemistry analyzer systems which use an optical
method have typically operated by either mixing the
sample with a prepackaged amount of reagents or by
allowing the mixing of the sample with the reagents
through various tubing and mixing operations.

In flame photometry, the sample is consumed
in a flame. The specific light produced by a given
chemical of interést during the combustion process 1is
used to determine the level of that chemical in the
body £luid.

Ion selective electrode measurement methods
use electrodes having membranes that selectively
interact with chemical 1ions of interest. These
methods involve a potentiometric, amperometric or
other electrical measurement which is a function of
the concentration of the ion of interest in the
sample.

The field of ion selective electrodes and
their related art has been the subject of extensive
study. The current state of the art has addressed
some of the major problems in ion selective electrode
development. These problems were found especially in

the electrodes which can be referred to as
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barrel-type electrodes and membrane or glass
electrodes. The major shortcomings of these prior
art electrodes include cost, fragility, and
reproducibility. Coated wire electrodes comprising a
metal (e.g. platinum) wire coated with a layer of a
polymer (e.g. polyvinylchloride) solution mixed with
an electroactive species have been developed to solve
some of these problems. Coated wire sensors are
discussed, for example, in Moody, G.J. and Thomas,
J.D.R., "Poly (Vinyl Chloride) Matrix Measureance

Ion-Selective Electrodes", Chapter 7, Ion_ Selective
Electrode Methodology, Vol. I; Editor: ALK.
Covington (1979); Cattral and Frieser, Anal., Chem.,

43:1905 (1971); and Ion-Selective Electrodes in
Analytical Chemistry, Vol. 1; Editor H. Frieser,

However, both those ion selective electrodes which
include internal reference and those which do not
include an internal reference exhibit significant
drift. Electrodes which include an  internal
reference are  described in Stworzewicz, T.,
Cyépkiewicz, J., and Lesko, M., at The Symposium on
Ion Selective Electrodes 1in Mutrafured, Hungary,

October 1972 (proceedings reported in Ion Selective

Electrodes, edited by Pungor, E., Budapest 1973) and
in U.S. Patent 4,214,968 by Battaglia, C.J., Change,
J.C., and Daniel; D.S. The Battaglia et al U.S.
patent attempts to correct for the drift problem by
utilizing a system which makes the drift more or less
predictable. This is attempted in a way such that
the drift can be "zeroed out" by calibration with a
standard solution on an identical electrode connected
to the test electrode by a salt bridge. This
standard electrode acts as a combined reference and
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standardizer which is done. with each test as the
System is used at the user site.

One of the major causes of this drift in ion
selective electrodes is capacitance effects which are
uncontrolled and therefore "float". This floating or
changing capacitance causes drift, error and the need
for standardization and restandardization. These
capacitance effects are related to three significant
deficiencies in  the prior art ion  selective
electrodes.

First, the spatial relationship of the
reference electrode to the sensing electrodes are not
fixed one to another.

Second, these electrodes are constructed in
multiple layers over the conductor and each of these
layers may have varying characteristics which give
varying capacitances and therefore uncontrollable
changes in capacitance.

Third, in certain multi-layer electrodes
with a dried hydrophlic layer interposed between the
sensing electrode and the conducting layer, the
capacitance changes continuously with tipe as the
dried hydrophiliec layer changes its state of
hydration during a test. There are still other types
of electrodes which have various layers which are not
fixed; these can be physically deformed as well,
causing additional, uncontrollable changes in
capacitance.

One method which has Dbeen attempted to
overcome this drift is to have a reference electrode
and a sensing electrode incorporated together angd
then use a reference solution and salt bridging to
make the drift characteristics identical between two

PCT/US84/01814
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electrodes and therefore make it easier to correct
for this drift as in the above-cited Battaglia et al
U.Ss. patent. This requires very complicated
manufacturing techniques and very expensive
instrumentation to analyze the various changes 1in
voltage with time and make a reliable measurement.

In the . past, the clinical chemistry
analyzers using optical, flame photometry or ion
selective electrode methods have tended to be large
in size, expensive, and complex to operate.
Analyzers using optical techniques or ion selective
electrodes have been expensive to acquire due to the
complexity of the mechanical systems and the nature
of the exacting measurement required. They have also
needed trained operators to continually monitor and
evaluate the measurements, have required exhaustive
and frequent maintenance, and have required frequent
calibration.

Analyzers using £flame photometry have also
required trained operators and an extremely high
amount of maintenance. In addition, flame
photometers have required a source of propane and an
open flame, which is undesireable for safety reasons.

In general, only large medical institutions
have been able to afford the purchase of clinical
chemistry analyzers. Smaller hospitals, clinics and
physician group practices usually have had to employ
centralized Thospital laboratories or commercial
laboratories to do their chemical tests. These
laboratories have grown substantially in the last
decade with the increased emphasis on measurement of
medically significant substances in the blood and
other body fluids as a part of the physician's

%




05

10

15

20

25

30

WO 85/02257 PCT/US84/01814

-6 =
diagnosis prior to treatment.

In the past, basic blood chemistry tests
have often been very time consuming. When a
physician has required a basic blood test, a blood
sample has been taken and then sent to a laboratory
for analysis. Receiving the results of the test from
the laboratory in nonemergency cases has taken £from
one hour to several days. In the meantime, the
patient may have left the clinic and then had to
return later or be telephoned to consult with the
physician on the results of the test. This procedure
has been inconvenient and medically inefficient for
both the physician and the patient.

There 1is a strong need for <clinical
chemistry instrumentation that can be readily
available to all physicians who desire to conduct
selected basic chemistry tests without delay and at a
reasonable cost. This need extends to individual
doctor's offices, ‘ physician group practices,
hospitals for bedside applications, operating and
emergency rooms, cardiac and intensive care units,
nursing homes, ambulances and emergency vehicles, and
in centralized laboratories for immediate ("stat")
use.

This need for improved clinical chemistry
instrumentation, however, requires an analyzer which
is less expensive to acquire, is easier to operate,
requires less maintenance, eliminates the need for an
open flame, eliminates the need <for constant
calibration and verification of measurements, reduces
drift to a negligible level, eliminates need for
calibrated reagents, is portable enough to allow its

use where required, and uses whole blood so that the
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time consuming step of centrifuging blood samples is
eliminated and the amount of blood required for
testing is reduced. The prior art clinical chemistry
analyzers, however, have been unable to meet the
requirements.

SUMMARY OF THE INVENTION

The present invention is an improved

clinical chemistry analyzer system which utilizes
single-use sensing devices in conjunction with an
analyzer to determine concentration of selected
chemical species in Dbody fluids. The single-use
sensing device receives and holds a sample of the
body fluid, and is inserted into a receptacle of the
analyzer when a measurement of the concentration of
selected chemical species is to be made. Once the
measurement has been made, the eingle-use sensing
device is removed from the analyzer receptacle and
can be discarded.

The single-use sensing device preferably
includes a cavity for holding the sample, a carrier,
at least one species sensor, a separate reference
sensor, and connection means. The species sensor and
the reference sensor are supported by the carrier in
a fixed spaced relationship so that the species
sensor and the reference sensor extend into the
cavity to contact a sample of the body fluid
contained in the cavity. The connection means
engages the receptacle of the analyzer and connects
the species sensor and the reference sensor to the
analyzer.

Each species sensor has a species selective
portion which contacts the sample of body £luid and

interacts selectively with a gelected chemical
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species to cause a characteristic of the species
sensor to vary as a function of concentration of that
selected chemical species in the sample. The
reference sensor has a portion which contacts the
sample but which does not interact selectively with
the selected chemical species so . that the
corresponding characteristic of the reference sensor
does not vary as a function of a concentration of the
selected species in the sample.

The analyzer includes means for deriving a
signal from the species sensor and the reference
sensor which represents a measured difference in the
characteristics of the sensors. The analyzer also
includes means for determining concentration of the
selected chemical species based upon the measured
difference. In some embodiments, the analyzer also
includes means for calculating other values based
upon the concentration.

In preferred embodiments of the present
invention, the analyzer includes output means for
providing an output in human readable form which
indicates the concentration of the selected chemical
species in the sample or other calculated values of
clinical 1interest. This output mneans preferably
includes both a visual display and a device (such as
a printer) for providing a permanent printed record
of the concentration. In some embodiments, the
output means also includes a communication device for
transmitting the output to other equipment (such as a
digital computer) for further analysis or storage.

The single-use sensing device preferably
includes machine~readable indicia which identify the

particular sensors contained in the sensing device
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and their characteristics. In these embodiments, the
analyzer includes a reader which reads the indicia
when the single-use sensing device is inserted in the
receptacle. The jdentification information conveyed
by the indicia preferably includes the location and
identity of each sensor supported by the carrier,
calibration data for each species sensor, and a lot
or seriazl number of the sensing device. The analyzer
uses the information which has Dbeen read from the
machine-readable indicia by the reader in determining
the concentration and in providing an output in human
readable form.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1is a perspective view of a

preferred embodiment of an analyzer and a disposable
sensing device which form the clinical chemistry
analyzer system of the present invention.

Figure 2 is a top view of the disposable
sensing device of Figure 1.

Figure 3 is an electrical block diagram of
the analyzer of Figure 1.

Figures 4A-4D are perspective views showing
other preferred embodiments of the disposable sensing
device of the system of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
1. Analyzer System 10

The preferred embodiment of clinical
chemistry analyzer system 10 of the present invention
is a compact, self-contained portable system which
facilitates usage in a physician's office, an
operating room or a clinical chemistry laboratory to
measure concentrations of chemicals in blood and

other body fluids. Analyzer system 10 includes a
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disposable single-use sensing device 12 which is used
in conjunction with analyzer 14. Disposable sensing
device 12 (which is shown in further detail in Figure
2) includes a plurality of sensors 16A-16E which
interact directly with chemicals of interest in the
body fluid to provide signals which have a known
relationship to concentration of the chemicals of
interest in the body fluid. A sample of body £luid

is maintained within cavity 18. Sensors 16A-16E have

their active areas exposed to the interior of cavity.

18, so as to interact with the sample of body fluid
contained within cavity 18. Cover 19 seals cavity 18
to prevent any spilling or evaporation of the sample
and any loss of blood gases from the sample. In the
embodiment shown in Figures 1 and 2, carrier 20
(whichr is in the form of a flat, generally rigid
card) supports sensors 16 and cavity 18. Conductors
21A-21E extend Dbetween and interconnect sensors
16A-16E and electrical contacts 222-22E,
respectively. Electrical contacts 22A-22E are
located along a front edge of carrier 20 to make
electrical connection with the circuitry of analyzer
14 when disposable sensing device 12 is inserted into
receptacle 24 of analyzer 14. The particular
embodiment of disposable sensing device 12 shown in
Figures 1 and 2 is described in further detail in the
previously mentioned copending patent application
entitled "Disposable Single Use Sensing Device for
Clinical Chemistry Analyzer", and that description is
hereby incorporated by reference.

Analyzer 14 includes a housing 26 which
contains all of the electronic circuitry used to

calculate concentrations of the chemical species of

-
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interest based upon the signals from sensors 16A-16E
of disposable sensing device 12. In the preferred
embodiment shown in Figure 1, analyzer 14 is of a
size which is suitable for desk or bench top use, or
for use on a cart. Front panel 28 of analyzer 14
includes keyboard 30 and display 32 which allow an
operator to interact and control the operation of
analyzer l14. Analyzer 14 also preferably includes
printer 34 within housing 26. Printer 34 provides a
hard copy printout of the output of anélyzer 14
(which preferably includes calculated concentrations
and other values, warnings of abnormalities, time and
date, lot number and/or serial number of sensing
device 12, and patient name Or identification
number). This printout is provided on print paper 36
which is fed out of opening 38 in analyzer housing
26. ,

When disposable sensing device 12 is
inserted into receptacle 24 of analyzer 14, contacts
22A-22E make electrical contact with receptacle
connectors 42 of analyzer 14. The electrical
circuitry of analyzer 14 measures signals from
sensors 16A-16E of sensing device 12. Based upon the
measured signals, analyzer 14 calculates
concentration of the chemicals of interest which have
been sensed and, in some cases, other values based
upon these concentrations (e.g. sodium-to-potassium
ratio and anion gap). The results of those
calculations are displayed on display 32 and are
printed out by printer 34 on paper 36. Once the
calculations have been completed and the results
displayed and printed, disposable sensing device 12

is removed from receptacle 24 and is discarded.
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2. Single-Use Sensing Device 12

In a preferred embodiment of the present
invention shown in Figure 2, sensing device 12
includes four species-selective electrode sensors
16A-16D and a reference electrode 16E which are in
the form of thin conductive films deposited on
carrier 20, and which are connected by conductors
21A-21E to contacts 22A-22E. Sensors 16A-16E are
located in cavity 18 (which is shown in phantom in
Figure 2). Each species-selective sensor 18A~16D has
a sensor active area within chamber 18 which has a
species~selective coating 44A-44D, respectively,
which selectively interacts with a  particular
chemical of interest in the sample of body £luid
contained within chamber 18. The coating 44A-44D
preferably includes a polymer and an electroactive
species. The polymer serves the functions of
creating a membrane over the sensor active area and
immobilizing the electroactive species next to the
electrically conductive surface of the metallic film
of the respective sensors 16A-16D. The polymer is,

for example, polyvinyl chloride, an epoxy, or a

polystyrene which 1is mixed with an electroactive

species in a homogenous fashion to provide a membrane
through which the chemical species of interest can
diffuse.

The electroactive species confers the
specificity to the sensor. The electroactive species
of the coating 44A-44D depends, of course, upon the
particular chemical species of interest which is to
be sensed. The electroactive species must interact
with the chemical species on a selective basis in a

known and predictable manner. For example, for a
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calcium ion (Ca++) sensor, a salt, (calcium di-(octyl-
phenyl) phosphonate + dictylphenyl-phosphonate) is
one electroactive species which shows good response

in the physiological concentration range of 10_5 to
10"2 Molar. For a potassium ion (K+) sensor, an
ionophore (valinomycin) is one effective

electroactive species. An ionophore is a compound
which has the ability to bind a particular ion and
transport it across a membrane layer. The binding is
detected in the form of a potentiometric charge.
Those skilled in the art of ion selective electrodes
will recognize there are a variety of ionphores and
other compounds which will accomplish the same end.

In some embodiments of the present
invention, a spreading layer (not shown) overlies
each of the coatings 44A-44D. The purpose of the
spreading layer is to ensure that the sample contacts
the entire surface of coating 44A-44D uniformly.

The active area of reference sensor 16E
either has no coating at all, or has a coating 47
which is not specific to the particular chemical
species of interest. Reference sensor 16E provides a
reference from which an electrical measurement can be
made by analyzer 1l4. By measuring an electrical
characteristic (e.g. potential, current) between each
of the species sensors 16A-16D and reference sensor
16E, a signal which 1is a function of chemical
concentration of the particular chemical species of
interest being sensed by sensors 16A-16D can be
obtained. Based upon these signals, the electrical
circuitry of analyzer 14 calculates the concentration
of the chemical species of interest being measured by

sensors 16A-16D.
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One of the major improvements achieved with
the present invention is that the individual sensors
16A-16E are of a simple construction which permits
use of techniques common to the electronic and
anodizing industries to coat conductors with an ion
selective layer. Sensors 16A-16E do not require
multiple layer construction over the conductor and do
not incorporate layers which result in changing
capacitance.

In fact, in other embodiments of the present
invention, the conductors and the species selective
coating of sensors 16A-16D are integral rather than
having been formed by separate depositions.

Because of the simple construction,
deposition of the conductors and the coatings can be
very closely controlled so that the spatial
relationship Dbetween reference sensor l§E and any
number of species sensors 16A-16D can Dbe very
precisely controlled. Therefore, the only
capacitance inherent in the system is the capacitance
of the sensor 16A-16E itself. This capacitance can
be very easily controlled because it is known and it
does not change with time, space relationships' or
hydration state and, therefore, no complicated
techniques (such as salt ©bridging or reference
solutions) are required. This allows sensors 16A-16E
to be inexpensive enough to be disposable and have
multiple species testing capabilities on the same
device 12. No previous technology developed in this
field allows for this type of manufacturing process,
control and inexpensive measurement technology.

Another important feature of the present

invention is that the use of disposable sensing

PCT/US84/01814
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device 12 with analyzer 14 does not require operator
calibration (although some calibration capability can
be provided as described later, to allow the operator
to verify proper operation using a reference solution
and make small calibration adjustments). This makes
analyzer system 10 of the present invention easier
and less time-consuming to use. In the past, the
need for calibration has been particularly critical
because the sensing equipment could become
contaminated after a number of tests and therefore
could produce erroneous results. Even if the sensors
did not Dbecome contaminated, their characteristics-
often changed with repeated tests, soO that frequent
calibration was critical to accurate measurements of
chemical concentrations.

with the present rinventiop, disposable
sensing devices 12 are factory calibrated, and then
are used only one time. As a result, the problems of
contamination or variation in sensor characteristics
due to use of the same sensor for repeated tests are
eliminated. In preferred embodiments of the present
invention, at least one sensing device 12 from each
patch or lot of sensing devices 12 is factory-tested
by exposing sensors 16 of that device to a solution
having known concentrations of each of the species to
be sensed, Based upon the signals produced by
sensors 16 during this calibration process, 2
calibration factor is determined for each of the
species selective sensors 16A~-16D. The calibration
data are recorded in the form of machine-readable
indicia (such as on coded label 48 as part of a bar
code) for all §ensing devices 12 of that lot. When

sensing device 12 is insertea into receptacle 24 of
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analyzer 14, coded label 48 is read by code sensor 50
of analyzer 14, and the calibration data are stored
byranalyzer 14 for use in calculating concentrations
of the chemical species of interest.

Although the embodiment of the present
invention shown in Figure 2 shows four species
selective- sensors 16A-16D together with a reference
sensor 16E, it will be understood that the number of

species selective sensors can vary from as few as one

to ten or more. The particular number of contacts 22

will, of course, vary depending upon the number of
sensors 16, and the size of cavity 18 may be larger
in those devices containing a large number of sensors
16 in order to maintain the sensors 16 in fixed
spaced relationships.

Still another important advantage of the
present invention is that .different disposable
sensing devices 12 having different groups of species
selective sensors 16A-16D can be used with the same
analyzer 14, In these embodiments, each of the
different types of disposable sensing device 12
includes machine-readable, indicia, such as the Dbar

code carried by coded label 48, which includes an

" identification of the particular sensor associated

with each of the electrical contacts 22. As
discussed later, «coded label 48 also contains
calibration data and also preferably includes a lot
and/or serial number identification of sensing device
12. When sensing device 12 is 1inserted into
receptacle 24 of analyzer 14, code sensor 50 (Figure
3) reads coded label 48 and provides signals to the
electropic circuitry of analyzer 14 which indicates

the particular chemical species of interest being

-
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sensed by each sensor carried by that sensing device
12.

In other embodiments of the  present
invention, the identification of the particular
sensors 16A-16E contained 1in device 12 can Dbe
provided to analyzer 14 by other means. For example,
different patterns of contacts 22A-22E can designate
different groups of sensors 16A-16E.

In order to assist the physician or other
medical personnel in selecting the particular sensing
device having sensors for the group of chemical
species which is desired, each sensing device 12 also
preferably includes a npESTS" identifier printed
block or label 52 which lists the particular chemical
species which are sensed. In some preferred
embodiments of the present invention, identifier
1abel 52 is also color coded to simplify selection.
The species identified by 1label 52 preferably are
factory printed.

In the preferred embodiment shown in Figure
2, sensing device 12 also contains a "PATIENT NAME"
printed block or label 54, a "PATIENT NUMBER" printed
block or label 56, and a "LOT NO." printed block or
label 58 (which preferably carries a factory printed
1ot number and/or serial number).

7 The disposable sensing devices 12 of the
present invention preferably provide groups of
sensors 16 which allow simultaneous testing of
concentrations of a group of chemical species which
together are useful to a physician or other medical
personnel. With the present invention, therefore,
tests which are normally performed for patients

having particular symptoms or conditions can be
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performed simultaneously. The groups of species
include but are not limited to an "Electrolyte
Screening" group, a "Diabetic" group, a "Renal"
group, a "Dialysis" group, a "Pregnancy" group, a
"Heart" group, an "Emergency" group, a "Neonatal"
group, a "Blood Gas" group, an "Operating Room"
group, and a "Cancer" group. The species sensors
used in each of these groups and purposes of each
group are described in detail in the previously
mentioned patent application "Multiple Species Group
Disposable Sensing Device. for <Clinical Chemistry
Analyzer”, and that description is incdrporatéd by
reference.

3. Analyzer 14

Figure 3 is an electrical block diagram of a
preferred embodiment of analyzer 14. In this
embodiment, analyzer 14 includes keyboard 30, display
32, printer 34, connectors 42, code sensor 30,
digital  microprocessor 60, program memory 62,
nonvolatile data memory 64 volatile data memory 66,
code reader interface 68, signal conditioning/driver
circuit 70, analog multiplexer 72, high stability
reference 74, analog-to-digital (A/D) - converter 76,
temperature sensor 77, battéry—powered clock/calendar
78, and communication interface 80.

Keyboard 30 allows the operator to interact
with analyzer 14 by providing input signals to
digital microprocessor 60. In preferred embodiments
of the present invention, keyboard 30 includes Kkeys
which allow the operator to <choose partibular
operations to be performed by analyzer 14, includes
keys for entering data such as patient identification

numbers and critical concentration limits or ranges

‘et
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which should be flagged by analyzer 14 and includes
keys for selecting the units of measurement to be
used by analyzer l4.

Digital microprocessor 60 controls the
operation of analyzer 14 and interacts with the other
electronic circuitry Dbased upcn a stored program
contained in program memory 62. Microprocessor 60
calculates the concentrations of each of the chemical
species of interest and other values based upon those
concentrations, and provides éutputé through - display
32, printer 34 and communication interface‘BO.

When sensing device 12 1is inserted into
receptacle 24 of analyzer 14, contacts 22 of sensing
device 12 make electrical contact with connectors 42
of analyzer 14, thus connecting sensors 16 to signal
conditioning «circuit 70. The output of signal
conditioning circuit 70 is an analog signal for each
of the species sensors. Analog multiplexer 72
receives the output from signal conditioning circuit
70, together with a high stability reference signal
from high stability reference 74. The signals from
analog multiplexer 72 are sequentially supplied to
A/D converter 76, which samples the analog 'signals
and converts them to digital values. These digital
values are supplied by A/D converter 76 to digital
microprocessor 60.

In preferred embodiments of the present
invention, temperaturs sensor 77 also provides a
signal to multiplexer 72 which is supplied to A/D
converter 76, and converted to a digital value which
indicates the temperature. This temperature value is
used by microprocessor 60 in its concentration

calculations and in controlling operation of heater
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79 (which is located under cavity 18 when sensing
device 12 is inserted in receptacle 24). Heater 79
is operated for those species measurements which
require elevated temperatures above room
temperature. In the embodiment shown in Figure 3,
temperature sensor 77 (which is, for example, a
thermistor) is mounted in analyzer 14 so that the
temperature value produced is representative of
ambient temperature and thus approximates the
temperature of the sample. In other embodiments
where greater accuracy in the temperature measurement
is required, temperature sensor 77 is mounted on and
forms a part of disposable sensing device 12. In
those embodiments, temperature sensor 77 may Dbe in
contact with the sample.

A/D converter 76 is basically a ratiometric
device - that is, the digital output represents the
ratio of the input voltagé to an internal reference
voltage. As such, the accuracy of the digital output
is dependent on the accuracy of the internal
reference voltage. To ensure validity of the
measurements made by analyzer 14, a second
independent stable reference source {(high stability
reference 74) is periodicélly measured (for example
once each time device 12 is inserted). The value
determined by A/D converter 76 €for the independent
reference voltage from high stability reference 74 is
compared with the stored proper value. A variation
in the measured value would indicate that either A/D
converter 76 and associated elements are producing
incorrect results, or that the Thigh stability
reference 74 is in error. In either case, the use of

high stability reference 74 provides a high degree of
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assurance that the analog portions of analyzer 14 are
functioning properly.

Code sensor 50 reads coded label 48 carried
by sensing device 12. Code reader interface 68
receives the output signals from code sensor 50, and
converts those signals to digital data which
represent the information stored on coded label 48.
As discussed previously, the information carried by
coded label 48 preferably includes an identification
of each of the sensors 16 of sensing device 12,
calibration factors for those sensors, and a lot
number for sensing device 12. Although code reader
50 is preferably mounted in analyzer 14, 1in some
embodiments it is or includes a hand-held code reader

wand which permits the operator to perform the code

‘reading function.

In the particular embodiment of the present
invention illustrated in the Figures, each of the
species selective sensors 16A-16D provides a signal
in the form of a potentiometric difference Dbetween
that sensor 16A-16D and reference sensor 16E which 1is
a function of the concentration of that particular
species in the sample of body fluid. In the case of
ionic species, the relationship between the
potentiometric difference and the ion concentration
is described by the well-known Nernst equation. For
other types of chemical species, other relationships
between the concentration and the signal derived from
sensors 16 are exhibited and thus are used in the
calculation of concentration. with the present
invention, the particular relationship is not
critical, so long as it is a predictable relationship

which can be used by digital microprocessor 60 in
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converting the data from A/D converter 76 to a
concentration value.

By knowing the identity of the particular
species sensor 16A-16D (based upon data from code
reader interface 68) which corresponds to  a
particular signal from A/D converter 76,
microprocessor 60 selects the particular known
relationship for that sensor, and converts the sensor
data value to a concentration value. This process is
repeated for each of the sensor signals. Digital
microprocessor 60 also uses the calibration data
which was read from coded label 48 and the selected
units of measurement (as selected through keyboard
30) in the concentration calculation. As a result,
the resulting concentration value represents the
concentration based upon the sensor signal, as
corrected by the factory-determined calibration
factor.

In some cases, other values which are Dbased
upon the concentration values are also of interest to
the physician or other personnel. Examples of such
calculated values are the sodium-to-potassium ion
ratio and anion gap (which 1is the difference in
concentration of positive ions, such as sodium and
potassium and negative ions, such as chloride and
bicarbonate in the blood). Microprocessor 60 uses
the calculated concentration values to derive these
additional calculated values.

Microprocessor 60 then compares the
calculated concentration values (and/or other
calculated values) with flag values stored 1in
nonvolatile data memory 64 for the particular species

of interest. These flag values of concentration
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ranges or limits are selectable through keyboard 30,
and can also include values of ranges which are
factory-set and stored in nonvolatile data memory
64. In a preferred embodiment of the present
invention, the flag values define the normal ranges
for each concentration or other calculated value.
Microprocessor 60 formats the data which are
provided through display 32, printer 34, and in
preferred embodiments through communication interface
80 (which allows external data transfer to another
computer or other external device and which
preferably is an RS232 type of interface device).
The data which are displayed through display 32 and
printed in hard copy form by printer 34 preferably
includes a patient identification, an identification
of the particular chemical species, the concentration
value for that species, any other calculated values,
the exceeding of any £flags and normal and critical
ranges which are detected by digital microprocessor
60, the time of day and date (pased upon a signal
from clock/caléndar 78) and the lot and/or serial
number of disposable sensing device 12 (which is read

from coded label 48 by code sensor 50).

The hard copy output from printer 34 allows
a permanent record to Dbe maintained of the
measurements run by analyzer 1l4. Inclusion of the
lot and/or serial number of each sensing device 12
provides a permanent record which can be used to
trace the origin of the sensing device 12 which was
used., )

In the preferred embodiments of the present
invention, analyzer 14 completes all measurements
from the sensors 16, calculates concentrations and
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other values based on concentrations, and displays
the calculated values and other information within
about one minute or less. Since the species sensors
16A-16D depend upon selective interaction with the
species of interest, there is normally a period of
time required for equilibrium between the sensor with
the sample of body fluid to Dbe reached. 1In preferred
embodiments of the present invention, the
polymer/electroactive species coating or mixture of
each sensor 1is selected so that equilibrium has
occurred within about ten to about sixty seconds
after the sensing device 12 is inserted into
receptacle 24 of analyzer 14, This allows the data
values from A/D converter 76 to represent end points
of the measurement process.

Although it is preferable to have the
sensors 16A-16E reach equilibrium prior to the
calculation éoncentrations, this is not absolutely
necessary. In other embodiments in which the data
values from A/D converter 76 represent intermediate
sample points, microprocessor 60 calculates an end
point for each sensor based upon one or more data
values from A/D converter 76 for that particular
sensor. Microprocessor 60 extrapolates the end point
based upon data stored in memory 62, 64 or 66, and
then calculates. the concentration Dbased upon - the
extrapolated end point and the calibration data which
have been read from coded label 48.

Although calibration of analyzer 14 is
essentially obviated Dby the use of encoded
calibration data carried by sensing device 12, some
embodiments of analyzer 14 include a calibration

feature which permits small adjustments to be made to
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analyzer 14. In these embodiments, keyboard 30
includes a calibration key which, together with the
numerical keys of keyboard 30, can be used to enter
calibration data for some or all of the sensors. The
calibration data are derived by the operator by using
one of the sensing devices 12 to sense concentrations
of species in a reference sample having known
concentrations. If the calculated concentration
values from analyzer 14 differ from the known values,
the operator can provide calibration factors which
will ©bring the values into agreement. These
calibration factors are stored and are used by
microprocessor 60 in subsequent concentration
calculations.

As shown in Figures 1-3, the c¢linical
chemistry analyzer system 10 of the present invention
uses a disposable sensing device 12 having solid
state sensors 16 and a microprocessor-based analyzer
14 which does not require intricate mechanical design
or intricate tubing or fluidics. As a result, the
system of the present invention is available at a
much lower cost than the prior art clinical chemistry
analyzers, 1is light-weight and is portable. This
makes the present invention applicable to a wide
range of applications which have not been possible
previously due to the high cost and lack of
portability of the prior art clinical chemistry
analyzers.

The present invention allows comparatively
untrained personnel to operate the system. with the
present invention, the user is prompted through

display 32 in the proper use of analyzer l4.




WO 85/02257 PCT/US84/01814  *

- 26 -

The availability of the present invention in
a doctor's office, in clinics and hospitals located
away from major metropolitan areas, in an emergency
room, or in an emergency vehicle or the like and the
nearly instantaneous output of the results of the

measurements avoids the long delays encountered in
 the past, when routine blood samples have been sent
to a central laboratory for testing, and the results
are not reported back for hours or even days. With
the present invention, a physician can evaluate the
results of the tests immediately, and provide
diagnosis or treatment to the patient without
requiring the patient to leave the doctor's office
and return or call in at some later time.

Even in the central laboratory, where other
larger, more complicated automated equipment is
available, the present invention provides the
capability of concentration measurements on a stat
basis without having to start wup or 1interrupt
operation of the larger automated equipment. This is
particularly advantageous at night and on weekends
when demand for tests is much lower and may not
justify operating a large machine for a single test.

The present invention is capable of
measuring concentrations of species in whole blood.
This eliminates the need for a centrifuge (and the
time delays resulting from the centrifuging
procedure). In addition, the volume of the blood
sample reuired is less when whole blood is used.

With the present invention, maintenance is
greatly reduced. Analyzer 14 ©preferably has a
minimum of moving parts (primarily associated with

printer 34), is simple in mechanical design and does
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not require reagents or special plumbing like prior
art analyzers. Disposable sensing device 12
eliminates the need for calibration, as well as the
need for periodic replacement of sensors as required
in the prior art. In addition, sensing device 12
reduces the likelihood of any accidental spilling of
fluids which could contact and contaminate the
electronics of analyzer 14, and eliminates the nead
for periodic cleaning of analyzer 14.

Another important advantage of the present
invention is the ability of analyzer 14 to function

with sensing device 12 having new species sensors

‘without requiring major mechanical revisions to

analyzer l4. As sensing devices 12 having new or
different sensors are made available, analyzer 14 can
be upgraded to accommodate those sensors simply by a
change to the program software stored in progrém
memory 62. In preferred embodiments of the present
invention, the memory is segmented or sectionalized
to simplify and enhance upgradability of analyzer 14
for new sensing devices 12. The upgrade modification
can be made quickly and simply in the field by
service personnel, without requiring that the
analyzer 14 be returned to the factory.
4. Alternative Singe-Use Sensing Devices

Although Figures 1 and 2 show a particularly

advantageous form of sensing device 12, it should be
recognized that disposable sensing device 12 can take
other forms in accordance with the teaching of the
present invention. Figures 4A~4D show four
alternative embodiments of the disposable sensing

device of the present invention.
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In Figure 4A, disposable sensing device 12A
includes a circular base 100 which supports and holds
four metallic wire electrodes 102A-102D in fixed
spaced relationship to one another. A cylindrical
tube 104 is bonded to base 100 to form a cavity 106
for receiving and holding a fluid sample.

The upper end of each of the wire electrodes
102A-102D extends upwardly into cavity 106. A
coating 108A-108D is provided on the upper ends of
wires 102A-102D, respectively. In this embodiment,
coatings 1087, 108B and 108C are different ‘species
selective coatings which are generally similar to the
coatings  44A-44C  described with  reference to
disposable sensing device 12 of Figure 2. Coating
108D is a reference coating which is not species
selective with respect to any of the species with
which coatings 108A-108C selectively interact.

The lower ends of wires 102A-102D extend
below base 100 to form the electrical contacts which
are connected to the electrical circuitry of analyzer
14 when disposable sensing device 12A 1is inserted
into a receptacle 1in analyzer 14. Due to the
differences between the shape of sensing device 12
shown in Figures 1 and 2 and sensing device 12A shown
in Figure 4A, the shape of the corresponding
receptacle in analyzer 14 which receives and mates

with sensing device 12A must be different than in the

‘embodiment shown in Figure 1. In the case of sensing

device 12A, the receptacle in analyzer 14 is in the

form of a socket with female connectors for receiving
wires 102A-102D rather than a slot like receptacle 24

shown in Figure 1.

R
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Sensing device 12A also includes a coded
label ‘48A on the outer surface of cylinder 104.
Label 48A contains machine-readable indicia, such as
in the form of a bar code, which provide information
identifying the particular species to be sensed by
each of the wire electrodes 102A-102D, calibration
factors for those electrodes, and lot/serial number
identification of device 12A. Coded label 48A 1is
read by analyzer 14 when disposable sensing device
12A is inserted into the cooperating receptacle.

Figure 4B shows another embodiment of the
present invention which uses coated wire electrodes
as the sensor elements. In Figure 4B, disposable
sensing device 12B 1is a two-part assembly which
includes tube 120 and carrier 122. Tube 120 defines
a cavity 124 for holding a sample of body fluid.
Carrier 122, which 1is inserted into cavity 124,
supports four wire electrodes 126A-~126D in fixed
spaced relationship to one another. The upper ends
of electrodes 126A-126D extend out the top of carrier
122 and above the top edge of tube 120 *to provide
electrical connection between analyzer 14 and sensing
device 12B. The lower ends of wire electrodes
126A-126D extend out the bottom of ~carrier 122 so as 7
to contact the sample of body £luid contained in
chamber 124. The lower ends of electrodes 126A, 126B
and 126C are coated with species selective coatings
128A-128C, respectively. Reference electrode 126D
also preferably includes a coating 128D on its lower
end. Unlike the coatings 128A-128C, reference
coating 128D is not species selective. Coded label
A8B is attached to the outer surface of tube 120, and

contains a machine-readable code which identifies
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each of the wire electrodes 126A-126D and provides
calibration factors and lot/serial identification
numbers.

It can be seen that sensing device 12B shown
in Figure 4B requires still a different type of
receptacle from the type required by either
disposable sensing device 12A or disposable sensing
device 12. In the case of sensing device 12B, wire
electrodes 124A-124D have their upper ends extending
out of the top end of device 12B. The mating
receptacle of analyzer 14, therefore, is of a form
which has its connecting socket positioned above
rather than below sensing device 12B.

Figure 4C shows an embodiment of the present
jnvention which uses coated pin electrodes rather
than coated wire electrodes 1like those shown in
Figures 4A and 4B. 1In Flgure 4C, sensing device 12C
includes a circular base 130 which supports four pln
electrodes 132A-132D in fixed spaced relationship to
one another. The lower ends of pins 132A-132D extend
out the Dbottom of base 130 to connect tc the
electrical connectors of the receptacle of analyzer
14.

Cylinder 134 is Dbonded to base 130 to
producé a tube having a cavity 136 for receiving and
holding the sample of body fluid to be analyzed. The
pin heads of pin electrodes 132A-132D are exposed to
the sample of body £fluid. The pin heads of pin
electrodes 132A, 132B and 132C have species selective
coatings 138A-138C, respectively, on their upper
surfaces. The pin head of reference pin electrode
132D has a reference coating 138D on 1its upper
surface. Coded label 48C is attached to the outer

4
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surface of cylinder 134. The machine-readable code
contained in coded label 48C identifies pin
electrodes 132A-132D, provides calibration data for
each electrode, and provides lot and/or serial number
identification of sensing device 12C.

Figure 4D shows still another embodiment of
the present invention which uses flat film sensing
electrodes and a two-part sensing device assembly.
Sensing device 12D includes tube 150 and carrier
152. Tube 150 defines a cavity 154 for receiving and
holding a sample of the body £luid to be analyzed.
Carrier 152 is inserted into éavity 154, and supports
£lat film electrodes 156A-136D. In the embodiment
shown in Figure 4, flat film electrodes 156A and 156B
are vertical electrodes positioned on the back side
of carrier 152, while electrodes 156C and 156D are
located on the front side of carrier 152. Each
sensor electrode 156A-156D is exposed at the upper
end of carrier 152 to permit connection to a mating
receptacle of analyzer l4. At their lower ends,
electrodes 156A-156D include coatings which (in the
case of electrodes 156A-156C) selectively interact
with predetermined species which are contained in the
sample of body fluid. 1In Figure 4D, coating 158C at
the lower end of electrode 156C and reference coating
158D at the lower end of feference electrode 156D are
shown.

As in the other embodiments of the present
invention, disposable sensing device 12D also
includes a coded label 48D which is attached to the
outer surface of tube 150, The machine-readable code
contained in coded label 160 identifies each of the

sensor electrodes 156A-~156D, provides calibration




05

10

15

20

25

30

WO 85/02257

- 32 -
data for those sensing electrodes, and provides lot
and/or serial number information.
5. Conclusion

The clinical analyzer system of the present-

invention provides physicians and other medical
personnel with the ability to conduct basic chemistry
tests on whole blood and other body £fluids without
delay and at reasonable cost. The simplicity of the
analyzer and disposable sensing device, and the ease
of use and lack of maintenance makes the system of
the present invention both affordable and convenient
for doctors' offices, physician group practices,
bedside applications in Thospitals, operating and
emergency rooms, cardiac and intensive care units,
nursing homes, ambulances and emergency vehicles,
"stat" use in hospital clinical laboratories, and
other applications (such as veternarians' offices and
clinics) where clinical chemistry instrumentation has
either not been available or has not been cost and
time effective.

Although the preseht invention has ©Dbeen
described with reference to preferred embodiments,
workers skilled in the art will recognize that
changes may be made in. form and détéii without

departing from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:
1. A clinical chemistry analyzer system for
determining a concentration of a selected chemical
species in a body fluid, the system comprising:
a single-use sensing device which includes:
a cavity for receiving and holding a
sample of the body £luid;
a species selective electrode
having a £first end exposed to an
intericr of <the cavity and a
second end outside of the cavity,
the species selective electrode
including an electrical conductor
which at the first end is covered
by and in direct contact with a
single layer membrane containing
an electroactive species which
selectively 1interacts with the
selectad chemical species;
a reference electrode separated from
the species selective electrode in
fixed spaced relationship and
having a first end exposed to an
interior of the 9wcavity and a
second end outside of the cavity;

carrier means for supporting the

cavity, the species selective
electrode and the reference
electrode so that the species
selective electrode and the

reference electrode contact the
sample in the cavity without being
in physical contact with one

another;
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an analyzer which includes:

a receptacle for receiving the single
use sensing device, the receptacle
including connectors for
engagement with the second ends of
the species selective electrode
and the reference electrode when
the single-use sensing device 1is
inserted into the receptacle;

means connected to the connectors
for deriving a signal from the
species selective electrode and
the reference electrode which is a
function of concentration of the
selected chemical species in the
sample; and

means for determining concentration of
the selected chemical species 1in
the sample of body £luid based
upon the signal.

2. The system of claim 1 wherein the single-use
sensing device carries machine-readable indicia which
include data for use Dby the analyzer in determining
concentration of the selected chemical species; and
wherein the analyzer includes means for reading the

indicia.

3. The system of clainm 2 wherein the
machine-readable indicia include <calibration data
related to a characteristic of the species sensor for

use by the means for determining concentration.
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4, A cliﬁical chemistry analyzer system
comprising:

a single-use sensing device which includes:

a cavity for receiving and holding a
sample of body fluid:

a carrier;

a plurality of sensors supported by the
carrier in fixed spaced
relationship, each sensor having a
sensing portion positioned to be
exposed to the sample - held within
the cavity to produce a sensor
signal, the sensing portion of at
least one of the sensors being
capable of selective interaction
with a selected chemical species
so that the sensor signal from
that sensor 1is a function of
concentration  of the selected
chemical species in the sample; and

“machine-readable indicia containing
calibration data associated with
the sensors;

an analyzer which includes:

a receptacle'for receiving the
single-use sensing device;

means for deriving the sensor signals
from the the plurality of sensors
when the single-use sensing device
is received by the receptacle;

means for reading the indicia when the
sensing device is received by the

receptacle; and
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means for providing an output
representative of the
concentration of the selected
chemical species Dbased upon the
sensor signals and the calibration

data contained in the indicia.

5. A disposable single-use sensing device for
use with a «clinical <chemistry analyzer which
determines a concentration of a selected chemical
species in a body fluid based upon sensor signals
received at a receptacle, the sensing device
comprising:

a species selective electrode
which interacts selectively with the
selected chemical species to cause a
predetermined measurable characteristic
of the species selective electrode to
vary as a function of concentration of
the selected chemical species in the
sample, the species selective electrode
having an electrical conductor covered
by and in direct contact with a single
layer membrane which contains an
electroactive species;

a reference electrode separate from the
species selective electrode for
contacting the sample, wherein the
reference electrode does not interact
selectiéely with the selected chemical
species, so that the ©predetermined
measurable characteristic of the
reference sensor does not vary in the

same manner as in the species sensor;

%
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a cavity for receiving and holding the
sample;

a carrier for supporting the cavity and for
supporting the species selective
electrode and the reference electrode
in fixed spaced relationship so that
the species selective electrode and the
reference electrode contact the sample
simultaneously without Dbeing directly
in contact with one another: and

connection means engageable with the
receptacle when the sensing device 1is
in use with the analyzer for connecting
the species selective electrode and the
reference electrode to the analyzer to
permit a sensor signal to be derived
which is a function of  the
predetermined measurable characteristic ‘
of the species selective electrode and

the reference electrode.

6. The sensing device of claim 5 wherein the
carrier defines at least a part of the cavity and
supports the species selective electrode and the
reference electrode so that they contact the sample

within the cavity.

7 The sensing device of claim 5 and further

comprising:
a machine-readable indicia associated with
the sensing device and containing data
uniquely related to the sensing device

for use by the analyzer in determining

A
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concentration of the selected chemical
species in the sample based upon the
sensor signal.

8. A single-use disposable sensing device for
use with a <clinical <chemistry analyzer which
determines concentration of a selected <chemical
species in a body fluid based upon sensor signals,
the sensing device comprising:

a cavity for receiving and holding a
sample of the body fluid;

a first sensor having a species selective
portion located within the cavity which
selectively interacts with the selected
chemical species to exhibit a
predetermined measurable characteristic
which varies as a function of
concentration of the selected chemical
species in the sample and having a
portion which extends out of the cavity
to provide means for connecting the
first sensor to the analyzer when the
sensing device 1is connected to the
analyzer;

a second sensor haﬁing a portion located
within the «cavity which does not
interact selectively with the selected
chemical species to exhibit the
predetermined measurable characteristic #
which does not change with
concentration of the selected chemical i
species in a same manner as the first

sensor and having a portion which
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extends out of the cavity to provide
means for connecting the second sensor
to the analyzer when the sensing device
is connected to the analyzer; and

machine-readable indicia which include
calibration data for use by the
analyzer in calculating concentration
of the selected chemical species Dbased
upon the predetermined measurable

characteristic of the £first and second

sensors.
9. The sensing device of claim 8 and further
comprising:
carrier means for supporting the first and
second sensors in fixed spaced
relationship.
10. The sensing device of claim 9 wherein the

carrier means is connected to and defines at least 2

portion of the cavity.

11. A single-use sensing device for use with a
clinical chemistry analyzer, the sensing device
comprising:

a cavity for receiving and holding a
' sample of body fluid:
a carrier;
a plurality of sensors supported by the
carrier in fixed spaced relationship so
that each sensor has a sensing portion

exposed to the sample held in the
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cavity to produce a sensor signal,
wherein at least one of the sensors is
a species sensor having a sensing
portion which is capable of selective
interaction with a selected chemical
species so that the species sensor
exhibits a predetermined measurable
characteristic which is a function of
concentration of that selected chemical
species in the sample:;

means for providing a connection between the
plurality of sensors and the analyzer:;
and

machine-readable indicia which contain
calibration data uniquely related to
each species sensor of the plurality of
sensors for use by the analyzer in
determining concentrationsr based upon

sensor signals derived from the sensors.

12, A clinical chemistry analyzer for use with
disposable single-use sensing devices which have a
cavity for receiving and holding a sample of body
fluid from a patient and a plurality of sensors which
interact with selected <chemical species 1in the
sample, and which have machine-readable indicia
containing calibration data associated with the
sensors, the analyzer comprising:
receptacle means for receiving one of the
sensing devices and making connection

with the sensors of that sensing device;

A
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signal conditioning means connected to the
receptacle means for deriving analog
electrical sensor signals from the
sensing device which are a function of
the interaction of the sensors with the
sample;

analog-to-digital (A/D) converter means for
converting the analog electrical sensor
signals to digital sensor signals;

means for reading the indicia when the
sensing device is received Dby the
receptacle and providing the
calibration data contained in the
indicia;

digital computer means for calculating
concentration values for the selected
éhemical species based upon the digital
sensor signals and the calibration
data; and

output means for providing an output based

upon the concentration values.
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