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(57) ABSTRACT 

An automatic diagnostic apparatus (1) comprising: a con 
troller (3) for controlling operation of the apparatus (1) and 
for processing data; a Sensing System (15) operably con 
nected to the controller (3) for performing an assay, prefer 
ably an electrochemical assay (more preferably an electro 
chemical immunoassay), of a sample and communicating 
data from Said assay to said controller (3); Voltage Supply 
means for applying a potential difference to Said Sensing 
System (15); and output means (11.23) for communicating 
processed data to a user. operation of the apparatus (1) and 
not processing data; a sensing System (15) operably con 
nected to the controller (3) for performing an assay, prefer 
ably an electrochemical assay (more preferably an electro 
chemical immunoassay), of a sample and communicating 
data from Said assay to said controller (3); Voltage Supply 
means for applying a potential difference to Said Sensing 
System (15); and output means (11, 23) for communicating 
processed data to a user. 
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AUTOMATIC DIAGNOSTIC APPARATUS 

0001. This invention relates generally to an automatic 
diagnostic apparats. 
0002. When a patient is treated by a physician, it is not 
uncommon for the physician to take Samples of body fluids 
to be sent on to a laboratory for analysis. The testing often 
has to be done manually and thus, inevitably, Some delay is 
incurred in the processing of these Samples which also 
delays the point at which the results can be communicated 
to the patient. 
0003) Even in Hospitals, where the condition of the 
patients can be extremely Serious, the Samples Still have to 
be sent away to an "in-house' laboratory for testing. It can 
often take a matter of hours for the results of these tests to 
be communicated to the physician in charge of that patient. 
Accordingly, it is not uncommon for the physician to begin 
treating a patient without knowing the results of any 
requested testing. 
0004. In situations where the patient is seriously ill, the 
delay incurred in testing Samples could conceivably put the 
well-being of that patient at risk. 
0005 One might consider that a suitable way to over 
come his problem would be for the physician in charge of a 
particular patient to conduct the testing himself/herself, 
without Sending the Samples away to a laboratory. However, 
the testing of Samples is often a complex process which must 
be carried Out by highly skilled personnel if the results are 
to be reliable and hence of any real use to the physician. 
0006 Therefore, there is a need in the art for an apparatus 
which can be quickly and reliably operated by a user (who 
will Sometimes referred to as an operator) to test samples, 
particularly Samples obtained from patients. 
0007. In accordance with the present invention, there is 
provided an automatic diagnostic apparatus comprising: a 
controller for controlling operation of the apparatus and for 
processing data; a Sensing System operably connected to the 
controller for performing an assay, preferably an electro 
chemical assay (more preferably an electrochemical immu 
noassay). of a Sample and communicating data from Said 
assay to Said controller, optionally Voltage Supply means for 
applying a potential difference to Said Sensing System; and 
output means for communicating processed data to a user. 
0008. The present invention therefore provides an auto 
mated apparatus for the testing of Samples, especially patient 
Samples. If patient Samples are tested then the results of this 
testing can be made available to a physician within a mater 
of minutes and thus provide an early and rapid diagnosis of 
a patient's condition. 
0009. In accordance with the present invention, there is 
also provided a method of automatic diagnosis, the method 
comprising the Steps of: 

0010 (a) placing a sample within an automatic 
diagnostic apparatus, 

0011 (b) optionally general instructions with a con 
troller for instructing a Voltage Supply means to 
apply a Voltage to a Sensing System; 

0012 (c) controlling said sensing system with said 
controller to perform an assay, preferably an elec 

Mar. 14, 2002 

trochemical assay (more preferably an electrochemi 
cal immunoassay), of Said Sample and to generate 
data for output to Said controller, 

0013 (d) processing said data in said controller to 
generate processed data; and 

0014 (e) outputting said processed data to a user. 
0015 The automatic diagnostic apparatus, and the 
method of operating the same, is particularly useful for the 
testing of acute myocardial infarction and for the monitoring 
of reperfusion. 
0016. Accordingly, in accordance with a preferred 
embodiment of the present invention there is provided a 
method of automatically diagnosing myocardial infarction, 
the method comprising the Steps of monitoring ex vivo 
levels of one or more detectable cardiac marker proteins, 
such as any one or more of CK, CK-MM, CK-MB, myo 
globin, cardiac myosin light chain(s), Troporin T or Tropo 
nin I or a cardiac marker Suitable for the diagnosis of acute 
myocardial infarction. Advantageously, this method enables 
a quantitative assay to be conducted for these protein 
combinations. 

0017 Preferably the above method is accomplished with 
the above mentioned apparatus. 
0018. However, it will of course be understood, that 
whilst the present invention is preferably used for diagnostic 
testing for myocardial infarction, other testing (Such as for 
any other clinical condition) may alternatively be conducted. 
Thus, the present disclosure is not to be read as being limited 
to the diagnostic testing of myocardial infarction only. 
0019 Prior to the testing of a patient's condition, it is 
often necessary to Separate the Sample from the patient into 
its constituent components. This separation is usually 
accomplished by placing the Sample in a test tube, for 
example, and Spinning the test tube at high Speed in a 
centrifuge. 
0020. Throughout the Spinning process, the sample sepa 
rates into its constituent components with the heavier com 
ponents moving towards the bottom of the test tube and the 
lighter components moving towards the top of the test tube. 
For example, if a Sample of blood is taken and Spun as 
described above, the heavier red blood cells move towards 
the bottom of the tube and the lighter plasma moves towards 
the top of the test tube. 
0021. The required portion of the sample may then be 
removed from the test rube. However, the operator must be 
careful to ensure that the tube is not Subject to any further 
agitation, as Such agitation may cause the components to 
recombine. The operator must also be careful to ensure that 
when he/she withdraws the required component of the 
Sample, that component is not contaminated with any of the 
other component in the tube. Thus the withdrawing of 
Separated components from a spun Sample can be problem 
atic. 

0022. In accordance with the present invention, there is 
also provided a container having a first base and a Second 
base, Said Second base being raised from Said first base and 
having a depression provided therein, Such that when mate 
rial comprising a heavier component and a lighter compo 
nent is placed within Said container and Spun Said heavier 
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component is forced towards Said first base and Said lighter 
component is forced towards and onto Said Second base and 
Subsequently retained within Said depression, 
0023. In this way, the lighter component of a separated 
material may be easily withdrawn from the depression by an 
operator (which may be a mechanical or an electromechani 
cal operator). Furthermore, the risk of that operator acci 
dentally contaminating the lighter component with the 
heavier component, either by agitating the container or 
accidentally withdrawing any of the heavier component, is 
Significantly reduced. 
0024 United Kingdom Patent Application No. 
9409449.7 (published as GB-A-2 289 339) discloses an 
electrochemical through-flow immunoassay biosensor. The 
biosensor comprises a Solid phase immunoassay System, a 
porous working electrode, a counter electrode and a means 
for producing a fluid flow through the biosensor. Whilst this 
arrangement produces excellent results in the laboratory, it 
could suffer from a number of drawbacks when used in a 
clinical environment requiring rapid analysis of a number of 
Samples. The most significant of these may be associated 
with the fact that the biosensor must be thoroughly cleaned 
before it can be used again, or used to test another Sample. 
Conceivably, the biosensor could be thrown away immedi 
ately after use. However, the relatively expensive material 
from which the preferred biosensor body and preferred 
biosensor electrodes are manufactured could quickly make 
Such a strategy uneconomic. In addition, the associated 
equipment used with the biosensor would still have to be 
thoroughly cleaned and So, any time Saving attained by the 
disposal of the biosensor would be counteracted by the time 
needed to clean the associated equipment. 
0.025 In accordance with the present invention, there is 
also provided a disposable electrochemical immunoassay 
biosensor comprising: a Sensor body with a depression 
therein and a Sensor outlet in Said depression; an apertured 
counter electrode provided in abutment with one side of Said 
depression Such that Said counter electrode aperture com 
municates with Said outlet, an apertured working electrode 
provided in abutment with another Side of Said depression 
Such that said working electrode aperture communicates 
with Said Sensor outlet; an immunoassay System provided in 
close proximity to Said working electrode, and an apertured 
Sensor inlet means also provided within Said working elec 
trode and in communication with Said immunoassay System; 
wherein Said Sensor body is manufactured from a plastics 
material and Said working and counter electrodes are manu 
factured from an electrically conductive plastics material. 
0.026 Preferably, the immunoassay system is provided 
within the working electrode. 
0027) Alternatively or additionally, at least one of the 
electrodes may include other conventional electrode mate 
rials, Such as Silver (Ag) / Silver chloride (AgCl). 
0028. In this way, the biosensor of the present invention 
may be manufactured from relatively inexpensive materials 
and, thus, a new biosensor may be used for each test and the 
old biosensor may be disposed of. The use of such a 
biosensor removes the need for extensive time-consuming 
cleaning of the biosensor. 
0029. In accordance with another embodiment of the 
invention, there is also provided a conducting plastic elec 
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trode Suitable for use in a diagnostic apparatus. The present 
invention also provides for use of a conducting plastic 
electrode for an electrochemical immunoassay. 
0030. In order to perform an electrochemical immunoas 
Say with conventional techniques, the operator would first 
have to prepare a Suitable reagent. The preparation of this 
reagent may be a relatively complex process that would 
probably have to be repeated on each occasion that a 
diagnostic test was to be undertaken. By way of example, for 
a physician operating in his/her Surgery, the preparation of 
Suitable reagents would require the physician to keep StockS 
of necessary chemicals and to waste valuable time making 
up Suitable reagents, 
0031 Furthermore, each preparation of a suitable reagent 
by the physician may be Subject to minor variations that 
could cause doubt to be cast on tests made on the same 
patient, but with different Sets of reagents. 
0032. Also, if a physician were to prepare a number of 
different reagents for use with different diagnostic tests, it is 
conceivable that these reagents could become contaminated 
with each other or, more Seriously, one reagent could be 
mistaken for another. 

0033. Thus, there is a need in the art for a suitable means 
for an operator, Such as a physician, to prepare consistent 
reagents without having to waste time and without having to 
maintain a large Stock of chemicals. The means must also 
enable the physician to tell quickly and easily one reagent 
from another. 

0034. In accordance with the present invention, there is 
provided a disposable reagent cartridge comprising a body 
with at least one depression therein; and a removable cover 
Sealed over Said depression; wherein at least a reagent 
(which may be the same or different) is provided within each 
of Said at least one depression and Said removable cover is 
provided with a bar-code on an outer Side thereof, Said 
bar-code being usable to identify said reagent(s) and/or a 
diagnostic test requiring said reagent(s). 
0035. As mentioned above the present invention may be 
used for the monitoring and the diagnosis of acute myocar 
dial infarction. Accordingly, the present invention provides 
a disposable reagent cartridge for diagnostic testing of 
myocardial infarction, the cartridge comprising a plastic 
body with four depressions therein and a removable cover 
Sealed over Said depressions, wherein a first depression is 
filled with a buffer solution, a second depression is filled 
with a wash solution, a third depression is filled with dried 
naphthyl phosphate a fourth depression is filled with dried 
enzyme Substrate (which may be alkaline phosphatase) 
(preferably associated with an antibody, more preferably 
an antibody for an antigen associated with a clinical 
condition - Such as acute myocardial infarction) and Said 
removable cover is printed with a bar-code on an Outer Side 
thereof, Said bar-code being usable to identify Said contents 
within one or more of the depressions (reagents) and/or the 
diagnostic test. 

0036). In accordance with the present inventions there is 
also provided a prepacked disposable diagnostic testing kit 
Sealed with a removable cover, the kit comprising at least 
one disposable Sample holding means, at least one dispos 
able electrochemical biosensor, at least one disposable 
trough-flow producing means and at least one disposable 
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reagent cartridge, wherein Said each of Said at least one 
disposable reagent cartridge is prepacked with at least one 
reagent for the performance of at least one diagnostic test 
and then Sealed with a removable Seal. 

0037. In order to perform a diagnostic test, the operator 
(e.g. physician) need only tear off a removable cover from 
the kit and operate the content thereof to perform the test. AS 
the rest may be performed with only the contents of the kit, 
the operator does not have to waste time cleaning any other 
pieces of equipment. 

0.038 Embodiments of the present invention will now be 
described, by way of example only, with reference to the 
accompanying drawings, in which like numerals represent 
like parts, and in which: 
0.039 FIG. 1 is a schematic representation of an auto 
matic diagnostic apparatus, 
0040 FIG. 2 is a schematic representation of a syringe 
and biosensor system as shown in FIG. 1; 
0041 FIG. 3 is a schematic representation of a rack and 
platform system also as shown in FIG. 1: 
0.042 FIG. 4 is a flow diagram generally illustrating the 
operation of the apparatus depicted in FIGS. 1, 2 and 3 
under control of a controller; 

0.043 FIG. 5 is a schematic representation in cross 
Section of a container: 

0044) 
004.5 FIG. 7 is a plan view of the reagent cartridge of 
FIG. 6; 
0.046 FIG. 8 is a schematic representation in cross 
Section of an electrochemical biosensor; 

FIG. 6 is an elevation of a reagent cartridge; 

0047 FIG. 9 is a plan view of a disposable diagnostic kit; 
0048 FIG. 10 is a graph; 
0049 FIG. 11 is a series of electrophorerograms and is 
taken from FIG. 5 of “A Study on the Dimeric Structure of 
Creatine Kinase” by R. A. Wevers, H. P. Olthuis, J. C. C. van 
Niel, M. G. M. van Wilgenburg and J. B.J. Soons, published 
in Clinica Chimica Acta, 75 (1977) pp. 377-385; 
0050 FIG. 12 is a graph and is taken from FIG. 6 of 
“Two-Site Monoclonal Antibody Assays for Human Heart 
and Brain- Type Creatine Kinase” by A. P. Jackson, K. 
Siddle and R. J. Thompson, published in Clinical Chemistry, 
Vol.30 No.7 (1984), pp 1157-1162, and 
0051 FIG. 13 presents two graphs and is tan from FIG. 
1 of "Acute Myocardial Infarction and Coronary Reperfu 
sion” by F. S. Apple, published in Clinical Chemistry 
(Review Article), A. J. C. P. February 1992 Volume 92, 
No.2. 

0.052 FIGS. 14 and 15 are graphs. 
0.053 FIG. 1 shows a schematic representation of an 
automatic diagnostic apparatus 1. The apparatus 1 comprises 
a controller 3 for controlling operation of the apparatus and 
all of the components thereof. The apparatus 3 is powered 
from a power supply unit 5 which includes a transformer 7. 
A user input 9 in this case a 16-key keypad, enables a user 
to input instructions and data to the controller 3. Data and 
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instructions for the user are displayed on a display 11. Also 
provided for the input of data into the controller 3 is a bar 
code Scanner 13. 

0054) The controller is connected by ribbon cables 16 to 
a Syringe and biosensor System 15 and a rack and platform 
System 17. It is these Systems that manipulate Samples taken 
from a patient and generate readings therefrom. 
0055 Also provided for the output of dam to a user are 
an RS232 port 19 and a printer interface 21 which is in turn 
connected to a printer 23. The RS232 port 19 may be 
connected to a Personal Computer (PC) if desired. 
0056. The controller is also connected to a lid sensor 25 
which Senses whether the apparatus's lid is open or closed. 
The controller will not allow the apparatus to operate until 
the lid of the apparatus has been closed. 
0057 FIG. 2 is a schematic representation of a syringe 
and biosensor system 15 as shown in FIG.1. As shown, the 
System 15 comprises three Sets of Syringes 27 and associated 
biosensors 29. It will be appreciated of course, that the 
number of Sets may be varied at will. In one example, the 
System may be used as a means for diagnosing myocardial 
infarction by Varations in three parameters. Tests for alter 
native ailments may require a fewer or greater number of 
SetS. 

0058. The biosensors 29 are electrochemical immunoas 
Say biosensors, and may be constructed from plastic material 
at a reduced unit cost. The reduced cost of these biosensors 
29 enables them to be disposed of after each test without 
prohibitively increasing the cost of operating the apparatus. 
The construction of an example of the biosensor will be 
described later in conjunction with FIG. 8. Conventional 
electrochemical immunoassay biosensors could, of course, 
alternatively be provided. 

0059. The syringes 27 are, in this embodiment, simple 
commonplace Syringes which comprise a plunger 31 and a 
Syringe body 33, and are used to generate a fluid flow 
through the biosensors 29. It will be understood, that whilst 
Syringes have been described, other flow-flow producing 
means may alternatively be provided. For example, a fluid 
flow could conceivably be generated by drawing fluid 
through the biosensors with a pump. The pump could be 
connected to each of the biosensors by a disposable pipe, for 
example, which could be discarded after a test has been 
conducted. 

0060. As shown in FIG. 2, one end of the plunger 31 is 
connected to an arm 35 of a biosensor motor 37. During use 
of the apparatus, the motor 37 may be operated by a 
biosensor motor control board 39 to move the arm 35 and 
attached plunger 31 in and out of the syringe body 33 
thereby to generate a flow through a biosensor 29 attached 
to an opposite apertured end of the Syringe body 33. The 
biosensor motor control board 39 is in turn controlled by the 
controller 3. Three syringe sensors 41 are provided that 
enable the controller 3 to sense whether a syringe 27 and 
attached biosensor 29 has been correctly placed in the 
apparatus before the testing is commenced. 

0061. A biosensor control board 43 under control of the 
controller 3 is provided. The board 43 is provided with 
contacts 45 for each biosensor 29 of the apparatus and is 
operable under instruction of the controller 3 to apply a 
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voltage to each biosensor 29 as required. The biosensor 
control board 43 measures a current flowing through each 
biosensor 29, digitises the data and outputs it to the con 
troller 3. In common with other through-flow immunoassay 
biosensors, the current through the biosensor is indicative of 
the quantity of material-to-be-Sensed in a Sample under test. 
In this embodiment, the controller 3 is an EPROM micro 
controller with a 32 KB (kilobyte) ROM (Read Only 
Memory) and a 32 KB (kilobyte) RAM (Random Access 
Memory), although other arrangements are conceivable. 
0.062 FIG. 3 is a schematic representation to a rack and 
platform system 17 also as shown in FIG. 1 The rack and 
platform system comprises a block 47 with three shaped 
apertures 49 each for Securely holding a reagent cartridge 
(not shown). A Suitable reagent cartridge will be later 
described in relation LO FIGS. 6 and 7. The block also 
includes an electrical heater 51 which may be used as 
required to heat the cartridges in the rack and platform 
system 17. The block 47 is provided with a heat sensor 53 
which relays temperature data to the controller 3, which 
responds by Switching on or Switching off the heater 51 as 
required. 

0063) Whilst the apparatus of FIG. 3 illustrates three 
apertures for holding three cartridges, it will be appreciated 
that a greater or lesser number of apertures and cartridges 
may alternatively be provided, In each of the apertures 49, 
a cartridge sensor 55, under control of the controller 3, is 
provided that Senses whether a cartridge has been correctly 
placed in the aperture 49. If a cartridge is missing from one 
of the apertures 49, the controller 3 senses the absence of 
that cartridge and will not generate any data for the Sensing 
System associated with that cartridge position. 
0064. Also provided is a rotor motor 57 which is operable 
to Spin a Sample container (not shown) placed in operable 
communication therewith, A Suitable Sample container is 
later described in relation to FIG. 5. The rotor motor 57 is 
under the control of a motor control board 59 which is in turn 
controlled by the controller 3. The rack and platform system 
17 is provided with a rotor sensor 61 which senses whether 
a Sample container has been correctly placed in communi 
cation with the rotor motor 57 and communicates this 
information to the controller 3. The motor control board 59 
also controls a rotor index motor 63 which is operable to 
align the rotor motor 57 and attached sample container with 
each Sensing System of the apparatus. 
0065. The rack and platform system 17 is also provided 
with an up/down motor 65 and a forward/back motor 67 for 
moving the rack and platform system 17 in any of the 
aforementioned directions. The up/down and forward/back 
motors are controlled by the motor control board 59 in the 
rack and platform system 17. A pair of home sensors 69 are 
provided which sense when the block 47 is at it’s “home” 
position in the forward/back and/or up/down directions. The 
“home” position is when the block 47 is at its furthest point 
from the Sensing System in a forward/back and up/down 
direction The home sensors 69 communicate position data to 
the controller 3. 

0.066. At this juncture, it is appropriate to provide a brief 
general description of the manner in which the apparatus 
operates and is operated. Typically, a user decides, as a first 
Step, which test they wish to perform for a particular patient. 
An appropriate diagnostic kit is Selected and the various 

Mar. 14, 2002 

components removed therefrom Next, a bar-code on the 
reagent cartridge (or any other part of the kit) is read with the 
bar-code Scanner 13 and the cartridge is placed in the block 
aperture 49. In accordance with the barcode, the controller 
3 displays on the display 11 the type of test to be conducted 
and Sets up the apparatus vis-a-vis the number of reagent 
compartments required and the testing routine to be under 
taken. The user may then visually inspect the display 11 to 
check that they are indeed about to conduct the desired test. 
0067 Next, the user takes a fluid sample from a patient 
and places the Sample in a container provided in the kit. The 
cover is then placed in operable communication with the 
rotor motor 57 in the rack and platform system 17. The rack 
and platform System 17 is, at this Stage, at its "home’ 
position - i.e. at its furthest position from the Sensing System 
15-SO as to improve user accessibility to the apparatus. 
0068. It will be apparent that bar-codes may also be 
provided on any of the biosensor, container and Syringe. 
0069. Next, the user takes a biosensor 29 and a syringe 27 
from the kit, and fits them together (alternatively, the bio 
Sensor and Syringe may be Supplied pre-fitted together). The 
connected biosensor 29 and syringe 27 are then placed in the 
Sensing System 15 with one end of the Syringe's plunger 31 
in communication with the biosensor system motor arm 35. 
The other end of the plunger 31 internally abuts the syringe's 
base. The biosensor 29 is fitted within the sensing system 15 
in Such a manner that the Sensing System contacts 45 
electrically connect with electrodes in the biosensor 29. The 
apparatus is now primed and ready for testing the sample. 
0070 The controller 3, via the various sensors, senses 
that the container cartridge, biosensor and Syringe have been 
correctly placed in the apparatus and waits until the closing 
of the apparatus lid has been sensed by the lid sensor 25. 
When the lid has been closed the controller 3 begins the 
testing process, 

0071 Firstly, the controller 3 instructs the rack and 
platform system motor control board 59 to operate the 
forward/back motor 67 So that the block 47 is withdrawn 
into the apparatus in Such a fashion that each cartridge 
container is positioned below each biosensor 29. 
0072 Next, the controller 3 instructs the rack and plat 
form system motor control board 59 to operate the rotor 
motor 57 and So to Spin the container placed in communi 
cation there with. The centrifuging of the Sample in the 
container continues at approximately 400 revolutions per 
minute for Some four minutes until the Sample is properly 
Separated (ocher rotational speeds may be adopted if 
desired). Whilst the sample is being spun, the controller 3 
instructs the rack and platform System motor control board 
59 to move the block 47 towards the biosensor 29 until the 
tip of the biosensor protrudes into a compartment of the 
reagent cartridge. 

0073. If the reagents need to be made up from constitu 
ents in the reagent cartridge, the controller 3 may then 
instruct the sensing system motor control board 39 to 
operate the biosensor motor 37 to move the attached Syringe 
plunger 31 in and out of the syringe body 33 thereby to draw 
fluid into and to expel fluid from the biosensor 29. In 
addition, the controller 3 may simultaneously instruct the 
rack and platform system motor control board 59 to move 
the block 47 and hence the reagent cartridge up, down, 
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forward or back So that reagents may be mixed between 
compartments of the reagent cartridge until a final desired 
reagent is achieved. 
0.074. Optionally, the controller 3 may then instruct the 
biosensor motor 37 to withdraw the plunger 31 from the 
Syringe body 33 and draw an amount of reagent provided in 
the reagent cartridge through the biosensor 29. Simulta 
neously, the controller 3 may instruct the biosensor control 
board 43 to apply a voltage to the biosensor 29 and measure 
the current flowing in the biosensor 29 If the current is below 
a predetermined threshold, the controller 3 determines that 
the integrity of the reagent has been maintained If, however, 
the current is above the threshold, then the controller deter 
mines that the integrity of the reagent has been compromised 
and the apparatus is halted and a Suitable message displayed 
to the user requesting the user to replace the reagent car 
tridge with another reagent cartridge. The example later 
described below will exhibit such a step. 
0075) Next, the controller 3 instruct the rack and platform 
motor control board 59 to move the sample container so that 
the container 3 is directly below the biosensor 29. The 
controller 3 then instructs the rack and platform motor 
control board 59 to move the container So that the biosensor 
29 dips into a lighter portion of die Separated Sample. The 
controller 3 then instructs the biosensor motor 37 via the 
biosensor motor control board 39 to move the plunger 31 
and draw a quantity of Separated Sample into the biosensor 
29. The controller 3 then instructs the rack and platform 
motor control board 59 to cause the movement of the 
cartridge until Me cartridge is directly below the biosensor 
29 and the biosensor 29 dips into the reagent in the reagent 
cartridge. The controller 3 then instructs the biosensor motor 
control board 39 to move the plunger 31 and draw a quantity 
of reagent (which may be rehydrated Substrate) through the 
biosensor 29. AS an additional step, the controller 3 may 
then instruct the rack and platform motor control board 39 
to cause the cartridge to be moved again So that the biosen 
Sor 29 once more dips into the cartridge and a wash Solution 
is drawn through the biosensor 29 to wash any excess 
reagent from the biosensor 29. 
0.076 Then the controller 3 instructs the biosensor control 
board 43 to apply a voltage to the biosensor 29 and to 
measure the produced current. The current value is then 
communicated to the controller 3 as testing data via the 
ribbon cable 16. 

0077. The controller 3 then processes the testing data and 
outputs the processed data to the user. The controller may 
also store the data So that a plurality of results may be Stored 
over time for a particular patient. The results may then be 
outputted to the user in the form of a graph via the printer 
23, 
0078. One example of data collection and processing will 
now be described. The current flowing through the sensor Is 
recorded at precise intervals. The typical current response 
after applying the potential to the Sensor is a decay curve. 
When the Substrate reaches the Sensor the decay quickly 
becomes an exponential growth curve to a peak plateau. 
Typically, a quantity of electrical charge is estimated ini 
tially, which is taken as the area between the two curves the 
lower curve being interpolated beneath the growth curve by 
examination of the decay race. The turning point where 
decay becomes growth is called the Start of peak and is 
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determined by Software in the controller by looking for a 
trend when the average rate of change over a number of 
Samples reaches a threshold value. The assay result required 
is the concentration of analyte which is obtained by the 
formula: 

charge-b 
COC 

0079 where a and b are parameters read from the bar 
code or database. 

0080 FIG. 4 is a flow diagram generally illustrating the 
operation of the apparatus depicted in FIGS. 1, 2 and 3 
under control of a controller. With reference to FIG. 4, the 
Stages undertaken by the apparatus are as follows. 

0081. In a first step 71, the controller 3 waits for the input 
of barcode information or the input of keypad information 
regarding the test to be undertaken. In a Second Step 73, the 
controller 3 uses the connected Sensors to Sense whether the 
container, cartridge, Syringe and biosensor have been cor 
rectly placed in the apparatus. If So, then in a third Step 75, 
the controller 3 uses the lid sensor 25 to sense whether the 
lid is open or closed. If the lid is closed, then the controller, 
in a fourth Step 77, causes the Spinning of the Sample in the 
container. The controller 3, in a fifth step 79, then prepares 
the reagent(s) in accordance with the inputted bar-code or 
keypad information. In a sixth step 81, the controller 3 
instructs the apparatus to draw separated Sample through the 
biosensor 29 and then, in a seventh step 83, instructs he 
apparatus to draw the reagent(s) through the biosensor 29. In 
an eighth Step 85, the controller 3 instructs the apparatus to 
apply a voltage to the biosensor 29 and, in ninth step 87, to 
measure the current flowing in the biosensor 29. In a tenth 
Step 89, the Sensed current data is digitised and outputted to 
the controller 3 for processing in an eleventh step 91. In a 
final twelfth step 93, the processed data is outputted to the 
USC. 

0082. As mentioned above, the apparatus may be used to 
diagnose myocardial infarction by testing three blood 
parameters. In Such an example, the reagent cartridge would 
contain the following reagents in four Separate compart 
ments. The first, largest compartment would contain a buffer 
Solution. The Second compartment, Smaller than the first 
compartment, would contain a wash Solution. The third 
compartment, Smaller than the Second compartment, would 
contain a dried Substrate (which in one example may be 
naphthyl phosphate). The fourth compartment, Smaller than 
the Second compartment, would contain a conjugate (which 
in one example may be the enzyme Alkaline Phosphatase 
(ALP), preferably associated with an antibody, more pref 
erably an antibody for an antigen associated with a clinical 
condition - Such as acute myocardial infarction). 
0083. When using such a cartridge, the buffer solution 
would be used to rehydrate the dried substrate and the 
integrity of the substrate would then be checked by way of 
the biosensor 29 in Me above described manner. The wash 
Solution would be used to remove any exceSS conjugate from 
the biosensor 29. In this example, the controller 3 would 
instruct the apparatus to perform the above mentioned 
additional Step of testing, the integrity of the rehydrated 
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Substrate by passing rehydrated Substrate through the bio 
Sensor 29 whilst applying a Voltage thereto. If the detected 
current is less than Substantially 80 nA (nanoamperes), the 
controller 3 determines that the Substrate integrity is main 
tained, A current level above this threshold causes the 
controller 3 to determine that the Substrate integrity has been 
compromised. 

0084. The biological processes being undertaken in the 
biosensor have already been described in United Kingdom 
Patent Publication No. 2 289 339 mentioned above, and so 
will not be described in any great detail herein. However, to 
further illuminate the operation of the present invention, a 
brief Summary will now be given, 

0085 FIG. 5 is a schematic representation in cross 
section of a container 100. The container 100 comprises a 
substantially frusto-conical outer wall 101, with a lip 103 at 
its narrow end. The outer wall 101 connects at its broader 
end with a substantially planar annular first base 105. A 
second substantially conical inner wall 107 connects at its 
broader end with an inner edge of the annular first base 105. 
The inner wall 107 connects at its narrow end with a 
depression 109. The annular first base 105 is provided with 
a lip 111 on its Outer edge to enable better communication of 
the rotor motor 57 with the container 100. 

0.086 Prior to use of the apparatus, a sample of patient 
fluid is placed within the container 100 and the container is 
placed in communication with the rotor motor 57. Operation 
of the rotor motor 57 causes the container 100 to be spun 
about a central axis of the outer wall 101. Spinning of the 
container 100 causes heavier components of patient fluid to 
move towards the first base 105 and lighter components to 
move up the inner wall 107 to the depression 109, The 
lighter components are then contained within the depression 
109 for facilitated removal thereof. 

0087. It will be apparent that the external configuration of 
the above mentioned container 100 is not essential for the 
function which the container 100 is to perform, namely the 
Separation of fluid components. It is the provision of a raised 
depression 109 that eases the separation of fluid components 
when centrifuged. Thus, the container herein described is 
not to be read as being limited by its external configuration 
or shape. 

0088 FIG. 6 is an elevation of a reagent cartridge 200. 
AS shown, the reagent cartridge comprises a Substantially 
planar body 201 with four reagent compartments (203.205, 
207,209) depending therefrom. The reagent compartments 
are open at the surface of the planar body 201. At one end 
of the cartridge, there is provided a tube 211 sized So as to 
accept an inlet of a biosensor therein. In this way, the reagent 
cartridge and the biosensor may be fitted together So that 
they occupy a Smaller Volume when packaged prior to use. 

0089 FIG. 7 illustrates a top plan view of the cartridge 
depicted in FIG. 6. As shown, the four reagent compart 
ments are open at the planar body 201 and increase in 
Volume from a Smallest compartment 203 to a largest 
compartment 209. Of course, the size of the compartments 
may be varied at will. One end of the tube 211 is also shown 
in FIG. 7. The first compartment 203 has an approximately 
circular cross section and the second 205, third 207 and 
fourth 209 compartments have substantially elliptical cross 
Sections of increasing focal spacing. 
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0090 The cartridge 200 of FIGS. 6 and 7 is initially 
filled with reagents for a particular diagnostic test that is to 
be undertaken. An example of a set of reagents for the testing 
of myocardial infarction (see earlier and later discussions). 
Once the compartments have been filled with reagent, then 
the cartridge 200 is sealed. Sealing of the cartridge 200 may 
be accomplished by adhering a removable metal foil cover 
to the planar body 201. 
0091. The cartridge 200 may thus be sealed and trans 
ported with a reduced risk of reagents becoming contami 
nated with each other, and with a reduced risk of reagents 
becoming spoiled. Immediately prior to use, the user can 
remove the cover to reveal the compartments and reagents. 
Alternatively, the reagent cartridge cover may be left in 
place and the biosensor tip may be arranged to pierce the 
cover where appropriate prior to removal of the cartridge 
contents, In either case, the user is provided with a set of 
reagents for a particular test without having to waste time 
preparing those reagents. 
0092. The cover (not shown) of the cartridge 200 may be 
provided with a bar-code. The bar-code gives information 
regarding the reagents contained within the cartridge 200 
and may give information regarding the type of testing to be 
conducted with that cartridge 200. 
0093. As mentioned above, the apparatus of the present 
invention may be used for the diagnosis of myocardial 
infarction by electrochemical immunoassay. In this case, the 
cartridge 200 of FIG. 6 and FIG. 7 could be provided with 
the following reagents, for example. The first compartment 
203 would be filled with a conjugate (which may be the 
enzyme ALP). the second compartment 205 would be filled 
with a dried Substrate (which may be naphthyl phosphate), 
the third compartment 207 would be filled with a wash 
solution and the fourth compartment 209 would be filled 
with a buffer Solution. In use, buffer Solution would be taken 
from the fourth compartment 209 and added to the dried 
Substrate to reconstitute the Substrate Solution. Other 
enzyme-Substrate pairs are mentioned below. 
0094 FIG. 8 is a schematic representation in cross 
Section of an electrochemical biosensor. With reference to 
FIG. 8, the biosensor comprises a counter electrode 301, a 
working electrode contact 303, a biosensor body 305, a 
biosensor inlet 307 and a solid phase immunoassay site 
comprising a porous spacer disk 309, a porous PVDF disk 
311 and a porous graphite disk 313 as a working electrode. 
The spacer disk may be a LoprosorbTM disk, for example, 
and the graphite disk may be a Toray'TM disk (Toray Indus 
tries, Japan). 
0095 AS mentioned above, the biosensor may be used for 
conducting an immunoassay by testing parameters of a 
patient's blood Sample. In an example of Such a test, plasma 
is first Separated from the patient Sample-preferably by use 
of the container of the present invention-and then drawn 
into the biosensor by way of a Syringe attached to the 
counter electrode 301 AS the plasma passes from the bio 
sensor inlet 307 through the biosensor, it traverses the 
porous PVDF disk 311. The porous PVDF disk 311 is 
impregnated with a particular antibody and the drawing of 
plasma through the disk causes the capture of an antigen 
under test on the disk 311. 

0096) Next, the syringe is used to draw a quantity of 
tracer antibody (preferably an antibody for an antigen asso 
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ciated with a clinical condition-Such as acute myocardial 
infarction) conjugated to alkaline phosphatase (ALP) 
through the biosensor. AS the conjugate passes through the 
PVDF disk 311, the antibody marks the antigen captured on 
the disk 311. 

0097 Next, the syringe draws up a quantity of wash 
Solution which is used to wash any exceSS conjugate from 
the biosensor. Next, the Syringe draws up a quantity of 
rehydrated Substrate and a potential difference is then 
applied to the counter and working electrodes 301, 313 and 
a current is produced that is indicative of the quantity of 
antigen captured on the disk 311. 
0098. This process functions due to the electrochemical 
nature of the ALP and Substrate. As the ALP marks the 
antigen captured on the disk 311, the Substrate (naphthyl 
phosphate) is converted to naphthol which is drawn through 
the biosensor 29 and oxidised on the porous graphite disk 
313 by the potential difference applied thereto by the work 
ing electrode contact 303. Oxidation of the naphthol on the 
graphite disk 313 causes a now of electrons (ie a current 
flowing in an electrical circuit comprising the counter elec 
trode 301, aqueous solution, the working electrode 313, the 
working electrode contact 303 and connected devices) 
between the working electrode contact 303 and the counter 
electrode 301, the magnitude of the produced current being 
indicative of the quantity of naphthol oxidised at the graph 
ite disk 313 and hence indicative of the quantity of antigen 
under test in the patient Sample. 
0099 Whilst the above has been described in relation to 
an ALP enzyme and naphthyl phosphate pair, it will be 
understood that any enzyme-Substrate combination may be 
used that produces a readily oxidisable or reducible Species, 
For example, amimophenyl phosphate could be used as a 
substrate with ALP. Other examples of enzyme-substrate 
pairs are beta-galactosidase with p-Aminophenyl-beta-D- 
galactosidase to produce the electroactive Species ami 
mophenyl, glucose oxidase with glucose to produce the 
electroactive Species hydrogen peroxide and lactate dehy 
drogenase with lactate in the presence of NAD+ to produce 
the electroactive species NADH. 
0100 FIG. 9 is a plan view of a disposable diagnostic kit 
400. The kit 400 is particularly suitable for use with the 
apparatus of FIG. 1. As shown in FIG. 9, the kit 400 
comprises a container 401 within which there is provided a 
disposable Sample container 100, a disposable Syringe 27, a 
disposable biosensor 29 and a disposable reagent cartridge 
200. The kit container 401 is provided with a removable 
sealed cover (not shown) which allows the sterility of the 
components to be maintained up to their point of use. AS 
mentioned above, the kit 400 and its components may be 
manufactured at a relatively low cost from plastic material. 
0101 One highly preferred embodiment of the apparatus 
according to the invention will now be described. The 
temperature controlled block which holds the reagent Strips 
and acts as a Support for the centrifuge mechanism may be 
made from aluminum. 

0102) Each cartridge sensor may be a reflective optical 
device connected to the controller for indicating the pres 
ence of a cartridge to the microcontroller. The entire block 
is lifted by an up/down motor to enable Sample or reagent to 
be drawn from the container or cartridge as required. This 
motor is mounted onto the a base of the apparatus. 
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0103) The centrifuge is mounted on a sliding mechanism 
and positioned under each Sensor by an indeX motor, The 
centrifuge consists of a holder into which the container is 
placed by the user and a guard ring to contain the container. 
A light Sensing device is placed under the holder and 
interfaced to the controller to detect the presence of the 
Sample (e.g. blood) filled container through light level 
changes. 

0104. The cartridges and container are positioned by a 
motor in a front to back direction. Since the Sensor rip is 
fixed all Samples are presented to the tip by the combination 
of motions of the forward/back motor, index motor and 
up/down motor. 

0105 The sensor system has a motor for each biosensor 
which drives the Syringe piston through a direct linkage, in 
either direction as required by the controller. The lower part 
of the drive assembly holds the biosensor in a fixed position 
and provides a guard for the electrical contacts to the 
biosensor. An LED indicator is positioned adjacent each 
biosensor to inform the user of that biosensor's status. The 
electrical contacts are mounted directly onto a signal pro 
cessing board which interfaces with the controller and 
provides a voltage to the biosensors during an assay 
0106 The apparatus is operated by selecting pre-pro 
grammed options presented by menus which appear on the 
display. Bar-codes on the Syringe and cartridge also provide 
a means of Selecting test type, batch or kit calibration data 
etc.. The user is required to confirm the Selection by keypad. 
A printer provides a hard copy of the result in either a text 
or graphical format. Should an error occur a Single red LED 
lights and an audible alarm beeps while an error message is 
displayed. 

0107 ACCD (charge coupled device) type scanner reads 
information from bar-codes on the kit components Such as 
the biosensor/Syringe and cartridge. 

0108. The kit also has a bar-code label for entering other 
data. Should the label be unreadable then data is entered 
manually through the keypad. 

0109 Data, sensor and control signal inputs are read by 
the controller and processed to determine the control and 
data output response. The apparatus is based upon a micro 
controled integrated circuit which requires external data and 
program memory with extra I/O (input/output) capability. 
The data memory is non-volatile RAM (NVR) so patient 
identity and results are preserved as a database when the 
apparatus is shut down. A real time clock is resident within 
the NVR to provide date and time reference during testing 
The various positioning and Syringe drive motors are 
enabled and stepped by the controller via motor drive 
interfaces on the motor drive boards. BioSensor power and 
data conversion is carried out by the biosensor Signal board 
under microcontroller Supervision. Data for printout are Sent 
to a printer interface board and which manages the printer 
operation. Block temperature is controlled by the microcon 
troller via the block heater which contains a temperature 
Sensor and heater power control. 

0110. The apparatus and its components and Signal elabo 
ration Software operate from mains power Supplies via an 
IEC type inlet: The entire works and kit components are 
enclosed during the assay to prevent tampering. 
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0111. The biosensor contains a porous disk which is 
impregnated with an assay Specific material. Another disk in 
the biosensor (preferably a graphite disk) is in contact with 
conductive plastic parts which provide a path for current 
applied by the instrument during the test. Test kit reagents 
and Sample are Successively drawn through the cell by the 
action of the Syringe piston. The Speed of piston movement 
determines the flow rate which is controlled precisely by the 
controller. An air pocket inside the Syringe damps drive 
movement to produce a Smooth liquid flow through the cell. 
A potential is applied across the cell and the current flow 
measured. Analysis of this current gives the result of the 
assay. A bar code label is placed on the Syringe to identify 
the assay, calibration data, batch/lot data and expiry. 

0112 The container is filled with sufficient sample (e.g. 
blood) to guarantee Sufficient Sample for three assays. High 
Speeds are employed to produce a packed cell consistency to 
the haematocrit leaving plasma to be sampled. The shape of 
the centre of the container allows plasma to flow to the 
centre of the container for retention while keeping haema 
tocrit in the outer region. 
0113. The reagent cartridge contains four compartments 
which hold the reagent for the assay. The reagent is Sealed 
into the strip by a foil membrane which is pierced by the 
Sensor tip during the assay. A bar-code is put on the Strip to 
identify the type of assay and lot number. 

0114. Use of the Apparatus to assess Acute Myocardial 
Infarction (AMI) 
0115 The cardiac marker proteins are proteins highly 
Specific to myocardial tissue which are released into Serum 
during AMI tissue damage. Some of these, such as CK-MB 
and Myoglobin, have now been clinically validated by many 
studies as specific and sensitive markers for AMI. Others 
e.g. Troponin are growing in popularity and there are many 
groups involved in trying to discover earlier and more 
Sensitive markers 

0116 Table 1 (below) summarises the most popular of 
the markers currently available and their main characteris 
tics. Each of these markers has Something slightly different 
to offer in diagnosis and therapy. Myoglobin with a molecu 
lar weight of 17,000 daltons is one of the first to appear in 
serum or plasma after the AMI event. However it returns to 
normal levels within 24 hours So is not useful in diagnosing 
a patient who has presented Some time after the Symptoms 
commenced but would help in the decision to Start throm 
bolytic therapy for a patient who presents early. 

TABLE 1. 

AMIANALYTEPANEL 

Return to 
Normal 

Enzyme Rise (h) Peak (h) (h) Notes 

CK 4-6 24 48 Indicator of 
reperfusion 

CK-MB 4-6 24 48 Specific for 
myocardium 
Indicator of 
reperfusion 

Myoglobin 1-3 4-8 24 Very rapid 
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TABLE 1-continued 

AMIANALYTEPANEL 

Return to 
Normal 

Enzyme Rise (h) Peak (h) (h) Notes 

Cardiac Myosin 2 
Light Chains 

high levels 240 Related to infarct 
stable for size 

(cMLC) several days Elevated in 
Unstable Angina 

Troponin 4-6 48-72 240 Highly specific 
(T and I) for myocardium 

Indicator of 
reperfusion 

0117 To select the ideal parameters for a particular 
patient it is necessary to consider the general time course of 
these proteins in blood and their other characteristics FIG. 
10 shows typical behaviour with time of these markers in a 
patient’s serum. In this regard FIG. 10 shows the concen 
tration variation in serum with time after AMI for currently 
popular cardiac markers (see also FIG. 14 and FIG. 15). 
0118. The apparatus of the present invention will offer the 
possibility to log and to present the parameters in this 
graphical format which allows the clinician to closely follow 
the patient therapy, to monitor for Second infarction and to 
detect Successful reperfusion. 

0119). In a preferred embodiment, the first panel of instru 
ment will have the parameters Myoglobin and CK-MB in 
the now acceptable (and increasingly preferred) mass format 
(ug/L). Many clinicians would traditionally request a total 
CK test as well as the CK-MB. Comparing CK-MB ratio to 
CK (when both are U/L) is a recommended criterion of the 
World Health Organisation (AMI if CK-MB CK>4%). 
0120) The apparatus of the present invention provides a 
means of determining total CK as an activity measurement 
or an estimate of total CK. In this regard, the total CK 
content of Serum is largely composed of the isoforms 
CK-MM and CK-MB and the brain enzyme CK-BB is not 
present in Significant quantities unless there is Severe head 
injury. For example see FIG. 11 which is an electrophoresis 
Separation to illustrate CK isoforms in Serum and brain 
extract. In these CK electrophoretograms, a-total brain 
extract: b=Serum Sample from a patient with an infarction: 
c=extract from the cortex of the brain: d=extract from the 
medulla of the brain: e=extract from the cerebellum (agarose 
electrophoresis 50 mM sodium barbital buffer (pH 8.0). 85 
V). Thus in effect the measurement of CK-BB is not 
effective during AMI. A graph of CK-MB levels and CK-BB 
levels against time in the Serum of a patient during AMI in 
FIG. 12 also illustrates his. In this regard, FIG. 12 is an 
illustration of CK-MB and CK-BB levels measured by two 
Site immunoassay over time in Serum from a patient Suffer 
ing from AMI. 
0121. In particular FIG. 12 shows a typical curve show 
ing increase in serum CK-MB with time after myocardial 
infarction AS can be seen, both CK-MM and CK-MB elevate 
during AMI although the proportion of CK-MB to MM rises 
due to the high amounts of CK-MB in heart tissue. CK-MM 
however can also be elevated after muscle trauma as can 
CK-MB to a lesser extent. In practice measurement of 
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CK-MM--CK-MB will effectively give the total CK in 
serum. Normally total CK is measured 

0122) There are also been studies of the various isoforms 
in serum and how they change with time. Three types of MM 
exist - namely MM1, MM2 and MM3-and two types of 
MB exist-namely MB1 and M2. These are normally quan 
tified by high Voltage electrophoresis and fluorescent Stain 
ing but Some immunoassays are becoming available. The 
ratios of the MB1/MB2 and MM1/MM3 also help in the 
early diagnosis of AMI but some studies claim that total 
CK-MB measurement is just as effective. Thee seem to be no 
studies of the total CK-MB/CK-MM ratio. However, the 
apparatus of the present invention would be capable of 
performing Such a study and which in theory would be very 
specific for AMI (setting a threshold ratio for positive 
diagnosis). 
0123 For the preferred apparatus and cartridge of the 
present invention the most convenient method will be to 
supply tests for myoglobin, CK-MB and CK-MM all as 
mass assays (via two-site immunoassay). It is quite possible 
that the users will use only CK-MB and Myoglobin for the 
majority of the patients but if they require total CK they have 
the option of loading to load both CK-MB and CK-MM, 
cartridges in one ran. The instrument will give back values 
for CK-MM, CK-MB and estimate total CK and the CK-MB 
total CK ratio, Alternatively CK-MM can be measured on its 
own by the instrument. 
0.124 Myoglobin remains the parameter of choice for 
early diagnosis of AMI - increasing in the first 1-3 hours 
after AMI, peaking around 6 hours after and returning to 
normal within 24 hours. The current threshold for AMI with 
Myoglobin is >90 tug/L although this could be clinically 
Verified using the apparatus of the present invention. 

0125 CK-MB threshold levels for AMI have been set at 
around 5 lug/L in other manufacturer's kits. 

0.126 Both CK-MB and Myoglobin can be used to moni 
tor reperfusion. FIG. 13 shows the difference between 
reperfused and non-reperfused CK-MB levels in two 
patients 

0127. In this regard. FIG. 13 illustrates CK-MB mea 
Surement with time in reperfused patients and non-reper 
fused patients, wherein serial total CK (left) and CK-MB 
(right) values for two patients following myocardial infarc 
tion: one Successfully reperfused after recombinant tissue 
type plasminogen activator (U-PA) therapy (reperfusion): 
one not reperfused. 

0128. In summary, therefore, the biosensor system of the 
present invention allows Sensitive immunoassays to be per 
formed in less than 15 minutes in the ward or satellite 
laboratory. The present invention is particularly of use in the 
areas of emergency cardiology, critical care units and other 
departments concerned with the diagnosis and treatment of 
acute myocardial infarction (AMI). In a preferred embodi 
ment, the System is capable of performing up to three 
immunoassay parameters Simultaneously on one patient 
Sample in less than fifteen minutes. In the cardiology Sector 
the instrument will act as a diagnostic aid for AMI and as a 
means of monitoring reperfusion. In a preferred embodi 
ment, the three parameters offered on the first panel will be 
myoglobin, CK-MB and CK-MM (for total CK). 
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0129. The instrument of the present invention can be 
Small and light, and can be easily carried around a ward to 
different locations or Suitable for transportation on a Small 
trolley. Typically, an operator will load 3 mls of heparinised 
blood from the patient into a disposable plastic rotor which 
is then placed in the machine. For each parameter there is a 
Small Syringe and reagent cartridge which will be packaged 
together and bar coded for a specific test (myoglobin, 
CK-MB etc.). The operator uses a wand type bar code reader 
to Swipe the details from the Side of the Syringe and the 
machine lights up an LED where the Syringe is to be loaded 
and checks on the display that the operator wants to test this 
parameter for the current patient Sample. This is repeated for 
the cartridge, One, two or three parameters can be run for 
any patient Sample in one cycle of the machine. 
0.130. When the lid of the instrument is closed the appa 
ratus goes into its routine Typically, the blood is centrifuged 
for 4 minutes and during that time the instrument is priming 
and checking the electrochemical biosensors. 
0131. At the end of the period typically 250 ul of plasma 
is aspirated directly from the disposable rotor into each of 
the Syringe heads. In a preferred embodiment the plasma 
passes through the Syringe head it traverses a porous anti 
body-coated membrane and the antigen being tested is 
captured. The Syringe then goes to the cartridge and typi 
cally draws up 500 ul of tracer antibody conjugated to 
alkaline phosphatase (ALP). This passes through the mem 
brane marking the captured antigen. 
0.132. In this preferred embodiment, the syringe next 
draws up wash Solution (1 ml) and then goes to the enzyme 
Substrate well on the cartridge. Inside the Syringe head 
(behind the antibody-coated membrane) is a porous elec 
trode with a Second return electrode located further along the 
head. The ALP Substrate used is electrochemical in that 
contact with ALP converts the substrate (naphthyl phosphate 
into an electroactive product (naphthol) which is easily 
oxidised on the porous electrode. The assay is calibrated for 
each antigen So that current at the electrode corresponds to 
antigen concentration. 
0.133 Typically, all three parameters are completed 
within 15 mins and the instrument will display concentra 
tions, print out concentrations on request and also print 
graphs for each parameter against time if previous values 
have been Stored for that patient. 
0.134. In a preferred embodiment, the instrument is 
capable of Storing 24 values for each of the three parameters 
for up to a maximum of 15 patients. 
0.135 Thus, the apparatus of the present invention uses an 
in vitro electrochemical assay technique to determine heart 
attacks by measuring the levels of Specific markers in a 
patient’s or victim's blood sample. The levels of markers 
indicate the time and Severity of the attack and also the 
progreSS of recovery. 
0.136 Thus also, the apparatus of the present invention is 
an instrument into which one use disposable kit components 
and blood sample are loaded in order to obtain a result. The 
kit components consist of an electrochemical cell and 
Syringe, a reagent Snip and a sample holder (otherwise 
known as a centrifuge rotor). 
0.137 The syringe and strip are bar-coded for correct 
identification and assay/calibration data. Each marker 
requires a specific type of cell. 
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0.138. The apparatus of the present invention performs the 
assay automatically once the assay kit components have 
been loaded and verified by the bar-code matching and the 
operators confirmation. The patients blood is measured into 
the rotor and loaded onto the instrument at the begs of the 
test. The assay is performed automatically and results are 
Stored internally for display or printout as required. 
0.139. It will be understood that the present invention has 
been described herein by way of example only and that 
modifications and additions may be made within the Scope 
of the invention. 

1. An automatic diagnostic apparatus comprising: 
a controller for controlling operation of the apparatus and 

for processing data; 
a Sensing System operably connected Lo the controller for 

performing an assay, preferably an electrochemical 
assay (more preferably an electrochemical immunoas 
Say), of a Sample and communicate data from Said 
assay to Said controller, 

Voltage Supply means for applying a potential difference 
to Said Sensing System; and 

output means for communicating processed data to a user. 
2. An apparatus according to claim 1, further comprising 

Sample holding means for holding Said Sample. 
3. An apparatus according to claim 2 wherein Said Sample 

holding means comprises a container having a first base and 
a Second base, Said Second base being raised from Said first 
base and having a depression provided therein, Such that 
when material comprising a heavier component and a lighter 
component is placed within Said container and spun, Said 
heavier component is forced towards Said first base and Said 
lighter component is forced towards and onto Said Second 
base and Subsequently retained within Said depression. 

4. An apparatus according to claim 2 or claim 3, wherein 
Said apparatus Ambler comprises a centrifuge for Spinning 
Said Sample holding means. 

5. An apparatus according to any one of claims 2 to 4, 
wherein Said Sample holding means further comprises 
reagent holding means. 

6. An apparatus according to claim 5, wherein Said 
reagent holding means is a reagent cartridge comprising a 
body with at least one depression therein: and a removable 
cover Sealed over Said depression: wherein at least a reagent 
is provided within each of Said at least one depression and 
Said removable cover is provided with a bar-code on an outer 
Side thereof, Said bar-code being uSable to identify Said 
reagent(s) and/or a diagnostic test requiring Said reagent(s). 

7. An apparatus according to claim 5 or claim 6, com 
prising heating means for heating Said reagent holding 
means, Said heating means being controlled by Said control 
ler. 

8. An apparatus according to any one of claims I to 7, 
comprising input means for inputting data into Said control 
ler. 

9. An apparatus according to claim 8 wherein Said input 
means comprises a keypad, and a Scanner for Scanning 
bar-code data. 

10. An apparatus according to any preceding claim 
wherein Said apparatus has a lid and wherein Said controller 
is operably connected to a lid Sensor for Sensing whether the 
apparatus's lid is open or closed. 
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11. An apparatus according to any preceding claim 
wherein Said controller is operably connected to a Sample 
Sensor for Sensing whether a Sample is present. 

12. An apparatus according to any preceding claim 
wherein Said Sensing System comprises: 

a electrochemical immunoassay biosensor for performing 
an electrochemical immunoassay of a Sample, and 

means for generating flow of Said Sample through Said 
biosensor. 

13. An apparatus according to claim 12 wherein Said 
biosensor comprises., 

a Sensor body having a Sensor outlet in a part thereof, 
a counter electrode having a first aperture operably con 

nected to Said Sensor outlet: 

a working electrode having a Second aperture operably 
connected to Said Sensor outlet; 

a Solid phase System operably located within Said working 
electrode, and 

an inlet means to provide a Sample onto Said Solid phase 
System. 

14. An apparatus according to claim 13, wherein Said 
Sensor body is manufactured from a plastics material and 
Said working and counter electrodes are manufactured from 
an electrically conductive plastics material. 

15. An apparatus according to claim 12 or claim 13, 
wherein said biosensor is that of GB-A-2289339. 

16. An apparatus according to any one of claims 12 to 15 
wherein Said means for generating Said flow is a Syringe. 

17. An apparatus substantially as hereinbefore described 
and as shown in the accompanying drawings. 

18. Use of an apparatus according to any one of clam 1 to 
17 to diagnose and monitor a clinical condition, in particular 
acute myocardial infarction. 

19. A method of automatic diagnosis, the method com 
prising the Steps of 

(a) placing a Sample within an automatic diagnostic 
apparatus: 

(b) generating instructions with a controller for instructing 
a Voltage Supply means to apply a Voltage to a Sensing 
System; 

(c) controlling said sensing System with said controller to 
perform an assay, preferably an electrochemical assay 
(more preferably an electrochemical immunoassay), of 
Said Sample and to generate data for output to Said 
controller 

(d) processing said data in Said controller to generate 
processed data, and 

(e) controlling with said controller an output means to 
output Said processed data to a user. 

20. A method of automatic diagnosis according to claim 
19, conducted with an automatic diagnostic apparats accord 
ing to any one of claims 1 to 17. 

21. A disposable electrochemical immunoassay biosensor 
comprising: 

a Sensor body with a depression therein and a Sensor outlet 
in Said depression; 
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an apertured counter electrode provided in abutment with 
one Side of Said depression Such that Said counter 
electrode aperture communicates with Said outlet, 

an apertured working electrode provided in abutment with 
another side of Said depression Such that Said working 
electrode aperture communicates with Said Sensor out 
let, 

an immunoassay System provided in close proximity to 
Said working electrode, and 

an apertured Sensor inlet means also provided within Said 
working electrode and in communication with Said 
immunoassay System; 

wherein Said Sensor body is manufactured from a plastics 
material and Said working and counter electrodes are 
manufactured from an electrically conductive plastics 
material. 

22. A disposable electrochemical immunoassay biosensor 
according to claim 21 wherein Said immunoassay System is 
within Said working electrode. 

23. A prepacked disposable diagnostic testing kit Sealed 
with a removable cover, the kit comprising at least one 
disposable Sample holding means, at least of disposable 
electrochemical biosensor, at least one disposable through 
flow producing means and at least one disposable reagent 
cartridge, wherein Said each of Said at least one disposable 
reagent cartridge is prepared with at least one reagent for the 
performance of at least one diagnostic test and then Sealed 
with a removable seal. 

24. A kit according to claim 23, wherein Said Sample 
holding means comprises a container as defined in claim 3. 

25. A kit according to claim 23 or claim 24, wherein Said 
electrochemical biosensor comprises a biosensor according 
to claim 21 or claim 22. 

26. A kit according to any one of claims 23 to 25, wherein 
Said through flow producing means is a Syringe. 

27. A kit according to any one of claim 23 to 26, wherein 
Said at least one reagent cartridge is a cartridge as defined in 
claim 6. 

28. A container having a first base and a Second base, Said 
Second base being raised from Said first base and having a 
depression provided therein, Such that when material com 
prising a heavier component and a lighter component is 
placed within Said container and spun, Said heavier compo 
nent is forced towards Said first base and Said lighter 
component is forced towards and onto Said Second base and 
Subsequently retained within Said depression. 

29. A disposable reagent cartridge comprising a body with 
at least one depression therein, and a removable cover Sealed 
over Said depression; wherein at least one reagent is pro 
Vided within Said depression and Said removable cover is 
printed with a bar-code on an outer Side thereof, said 
bar-code being uSable to identify Said reagent and/or a 
diagnostic test requiring that reagent. 

30. A reagent cartridge according to claim 29 comprising 
at least one depression filled with buffer solution. 

31. A reagent cartridge according to claim 30 comprising 
at least one depression filled with a dried Substrate that is 
dissolvable by mixing with said buffer solution. 

32. A reagent cartridge according to claim 31 wherein Said 
Substrate is naphthyl phosphate. 
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33. A reagent cartridge according to any of claims 29 to 
32 comprising at least one depression filled with a wash 
Solution. 

34. A reagent cartridge according to any of claims 29 to 
33 comprising at least one depression filled with a conjugate 
Solution. 

35. A reagent cartridge according to claim 34 wherein Said 
conjugate is alkaline phosphatase, preferably having asso 
ciated therewith an antibody. 

36. A disposable reagent cartridge for diagnostic testing of 
myocardial infarction, the cartridge comprising a plastic 
body with four depressions therein and a removable cover 
Sealed over Said depressions, wherein a first depression is 
filled with a buffer solution, a second depression is filled 
with a wash solution, a third depression is filled with dried 
naphthyl phosphate, a fourth depression is filled with alka 
line phosphatase, preferably associated with an antibody, 
and Said removable cover is printed with a barcode on an 
outer Side thereof, Saidbar-code being uSable to identify Said 
contents within one or more of the depressions and/or the 
diagnostic rest. 

37. A method of automatically diagnosing myocardial 
infarction, the method comprising monitoring eX Vivo levels 
of one or more detectable cardiac marker proteins, Such as 
any one or more of CK, CK-MM, CK-MB, myoglobin, 
cardiac myosin light chain(s), Troponin T or Troponin I, or 
a cardiac marker Suitable for the diagnosis of acute myo 
cardial infarction. 

38. A method according to claim 36 accomplished with 
the apparatus according to any one of claims 1 to 17. 

39. A conducting plastic electrode suitable for use in a 
diagnostic apparatus. 

40. Use of a conducting plastic electrode for an electro 
chemical immunoassay. 

41. An automatic diagnostic apparatus comprising: 
a controller for controlling operation of the apparatus and 

for processing dam; 
a Sensing System for performing an assay of a Sample, and 

for communicating Sensed information to the control 
ler: and 

output means for communicating processed data to the 
USC. 

42. Apparatus according E claim 42, fisher comprising 
means for Supplying a power or Voltage Signal to the Sensing 
System. 

43. Apparatus according to claim 41 or 42, wherein the 
controller is operable to control at least partly the operation 
of the Sensing System. 

44. A Self contained diagnostic apparatus comprising: 
a centrifuge; 
a System for collecting and temporarily Storing material 

from the centrifuge after Spinning; 
means for transferring the collected material to or through 

a Sensor for performing an assay on the collected 
material; 

means for transferring one or more other materials to or 
through the Sensor; 

an electronic controller for controlling operation of the 
apparatus and for processing output information from 
the Sensor. 
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45. Apparatus according to claim 44, further comprising 
means for receiving a cartridge containing Said one or more 
ocher materials for the Sensor, and wherein Said means for 
transferring Said one or more other materials, compress 
means for obtaining Said materials from the cartridge and, 
preferably, for temporarily Storing Said material. 

46. Apparatus according to claim 44 or 45, comprising 
multi-channel collecting means for handling and/or creating 
a plurality of Samples. 

47. Apparatus according to claim 44, 45 or 46 wherein the 
Sensor is interchangeable. 

48. A method of automatic diagnosis, the method com 
prising the Steps of 

operating a Sensing System under the control of a con 
troller to perform an assay of a Sample and to generate 
output information to the controller; 

processing Said information in Said controller, and out 
putting information from the controller to the user. 

49. A method according to claim 48, comprising the Steps 
of applying a power or Voltage Signal to the Sensing System 
under the control of the controller. 

50. A carrier for carrying material in a centrifuge and 
having first and Second regions Such that, in use, during 
Spinning in a centrifuge a heavier component of the material 
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collects in one of die regions, and a lighter component of the 
I collects in the other regions, the carrier being configured to 
obstruct re-mixing of the component after Spinning. 

51. A carrier according to claim 50, wherein the carrier 
has a barrier wall between the first and Second regions for 
obstructing mixing of the components. 

52. A carrier according to claim 51, wherein the first 
region comprises a depression, a wall thereof forming the 
barrier wall. 

53. A disposable reagent cartridge Substantially as here 
inbefore described with reference to FIGS. 6 and 7 of the 
accompanying drawings. 

54. A container Substantially as hereinbefore described 
with reference to FIG. 5 of the accompanying drawings. 

55. A biosensor Substantially as hereinbefore described 
with reference to FIG. 8 of the accompanying drawings. 

56. A kit substantially as hereinbefore described with 
reference to FIG. 9 of the accompanying drawings. 

57. A method of automatic diagnosis substantially as 
hereinbefore described. 

58. A method of automatically diagnosing myocardial 
infarction substantially as hereinbefore described. 
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