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ANALYTICAL CARTRIDGE

BACKGOGROUND OF THE INVENTIC

1. Field of the Invention

The present invention relates generally to systems and methods which are
used 1n the analysis of multi-component fluids which contain both liquid and solid
components. More particularly, the present invention relates to the instrumentation

and methods which are used 1n clinical laboratories and other healthcare locations to

analyze blood and other bodily fluids.

2. Description of the Related Art

Clinical chemistry involves the qualitative and quantitative analyses of body
fluids, such as blood, urine, spinal fluid and other materials. Clinical chemistry
encompasses multiple specialty testing areas including coagulation, hematology,
immunochemistry, as well as chemistry. The test results derived from such analyses
are used by physicians and other healthcare professionals to diagnose, monitor and
treat diseases. The analysis protocols, instrumentation and other equipment utilized
in clinical laboratory testing must be capable of providing accurate and repeatable
test results. In addition, it 1s desirable that the procedures and instrumentation be
simple and efficient. The testing equipment and procedures should be versatile
enough that they can be used in healthcare locations where relatively few samples
are tested as well as 1n larger climical laboratories where the number of samples
being tested on a daily basis 1s quite large.

Another consideration in designing analytical equipment for use by
healthcare personnel 1s the amount of sample available for testing. In many
situations, the amount of blood or other bodily fluid available is relatively small.
Accordingly, there has been a trend in clinical chemistry to develop analytical
systems which are capable of conducting numerous different chemical analyses on
relatively small amounts of sample. In general, the goal has been to develop clinical

analytical systems which provide the maximum number of medical tests utilizing the

minimum amount of sample.
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In achieving the above goals, a multitude of different analytical procedures
and approaches have been investigated. In one approach, instruments have been
developed which have a single sample introduction site. The equipment i1s designed
so that the sample 1s split and routed to various locations within the system where
multiple chemical analyses take place. Other systems do not include internal sample
splitting devices and rely on the clinical chemist to separate the sample into small
aliquots which are introduced into various instruments which are capable of
conducting a maximum of only a few chemical analyses at one time.

There 1s a continuing need to develop and provide clinical chemistry
equipment which is not only accurate, but versatile enough to meet the demands of
modern medicine. The equipment should be simple enough to be used by not only
highly-skilled laboratory technicians, but also by other healthcare personnel who
may be required to conduct laboratory tests from time to time. The equipment and
procedures should be versatile enough so that they can be utilized in clinical
laboratories which analyze thousands of samples daily, while at the same time being
adaptable to doctors’ offices, home healthcare agencies and nursing homes where the
number of tests being conducted is not as great. In addition, the equipment should
be versatile enough to be useful in conducting a wide vanety of blood analyses
which are presently being routinely utilized. In addition, the equipment should be
adaptable to conducting blood or other bodily fluid tests which will be developed 1n
the future.

IMMAR Y O THE INVENTIO)]

In accordance with the present invention, an analytical cartridge 1s provided
which can be used in a centrifuge-based system for analyzing a wide variety of
biological fluids. The analytical cartridge is especially adapted for analyzing fluids,
such as blood, which contain both liquid and solid components. The cartridge
includes a test well which can be adapted to carry out a wide variety of clinical tests

including a multitude of chemistry, coagulation, electrochemistry and immuno-

chemistry tests.
The analytical cartridge in accordance with the present invention 1is
composed of a housing which includes a cartridge body having a top surface, bottom

surface and outer walls defining a housing perimeter. The cartridge body further
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includes an inner end and an outer end. Within the housing body is located a
deposition well which i1s designed to receive solutions, such as blood and other
bodily fluids, which contain liquud and solid components. The cartridge further
includes a separation well located at a position which i1s more towards the outer end
of the cartndge body than the deposition well. An overflow well ts also located 1n
the cartridge body at a position which 1s more towards the outer end of the cartridge
body than the deposition well. A test well is located in the cartridge body at a
position which i1s more towards the inner end of the cartridge body than the
separation well.

The various wells located within the cartridge body are connected together
by way of an inlet passageway between the deposition well and separation well, an
outlet passageway located between the separation well and test well, and an
overflow passageway located between the separation well and overflow well. As a
feature of the present invention, a pressurization device is provided which provides
selective pressurization of the deposition well to provide controlled movement of
liquid within the cartridge body. During operation, blood or other liquid which may
contain solid components is introduced into the deposition well. The analytical
cartridge is then centrifuged or otherwise subjected to centrifugal force which moves
the solution from the deposition well to the separation well and overflow well, 1f
necessary. During the centrifugation, the solution is separated, 1f necessary, into
solid components located in the separation well and substantially solids-free liquid
located in the inlet passageway, outlet passageway, and overflow passageway (if
necessary). Once centrifuging is complete, the test well is pressurized to provide
flow of the solids-free liquid from the inlet and outlet passageways into the test well.
Once in the test well, the solids-free liquid is tested utilizing conventional clinical
procedures.

The analytical cartridge in accordance with the present invention i1s well-
suited for use in a wide variety of clinical settings. Numerous different clinical
analyses may be carried out utilizing the cartridge by merely modifying the reagents
or other test elements located in the test well. This allows the healthcare personnel
to conduct a wide variety of different analyses on a given sample by selecting the

appropriate cartridges.
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Accordingly, 1n accordance with one aspect of the
present invention, there is provided an analytical cartridge
adapted for use in analyzing fluids which contain liquid and
solid components, said cartridge comprising: a housing
comprising a cartridge body which has a top surface, bottom
surface and outer walls defining a housing perimeter, said
body further comprising an inner end and an outer end; a

deposition well located in said cartridge body for receiliving

fluids which contain ligquid and solid components: a
separation well located in said cartridge body at a position
which is more towards said outer end than said deposition
well: an inlet passageway 1n said cartridge body which
connects said deposition well to said separation well: a
test well located in said cartridge body at a position which
is more towards said inner end than said separation well; an

outlet passageway in said cartridge body which connects said

separation well to sailid test well; an overflow well located
in said cartridge body at a position which 1s more towards
sald outer end than said deposition well or test well; an

overflow passageway 1n salid cartridge body which connects

sald separation well to said overflow well: a pressurization
device associated with said deposition well for pressurizing
sald deposition well to provide controlled movement of

solution within said cartridge body.

r—

In accordance with a second aspect of the present

invention, there 1s provided a method for analyzing a fluid
which contains at least one of solid components and liquid

components, said method comprising the steps of: a)

introducing said fluid into an analytical cartridge wherein

sald cartridge comprises: a housing comprising a cartridge

body which has a top surface, bottom surface and outer walls

defining a housing perimeter, said body further comprising

an inner end and an outer end; a deposition well located in
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said cartridge body for receiving fluids which contain
liquid and solid components; a separation well located 1in
said cartridge body at a position which 1s more towards said
outer end than said deposition well; an i1nlet passageway 1n
salid cartridge body which connects said deposition well to
said separation well; a test well located in said cartridge
body at a position which 1s more towards said i1nner end than
said separation well; an outlet passageway 1in said cartridge

body which connects sald separation well to said test well;

an overflow well located 1n said cartridge body at a
position which 1s more towards sailid outer end than said
deposition well or test well; an overflow passageway 1n said
cartridge body which connects said separation well to said

overflow well; a pressurization device assocliated with said

deposition well for pressurizing saild deposition well to

provide controlled movement of fluid with said cartridge

body, wherein said fluid 1s introduced into said deposition

well 1n an amount which 1s sufficient to at least partially

fill said deposition well; b) centrifuging said analytical

cartridge with said inner end and outer end of said
cartridge body oriented so that said fluid flows through

sald 1nlet passageway to said separation well, said

analytical cartridge being centrifuged for a sufficient time
and at a sufficient centrifugal force to transport said
fluid 1nto said separation well, said inlet passageway, said
outlet passageway and said overflow passageway; C)

pressurizing said deposition well to provide flow of fluid

from said inlet and outlet passageways 1nto said test well;

and d) analyzing said fluid in said test well.

In accordance with a third aspect of the present

invention, there 1s provided an analytical cartridge adapted

for use 1n analyzing fluids, said cartridge comprising: a

housing comprising a cartridge body which has a top surface,
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bottom surface and outer walls defining a housing perimeter,
said body further comprising an inner end and an outer end;
a deposition well located in said cartridge body for
receiving fluids which contain liquid and solid components;
a metering system located in said cartridge body at a
position which is more towards said outer end than said
deposition well; a test well located in said cartridge body
at a position which is more towards said inner end than said

deposition well; an overflow well located 1n said cartridge

body at a position which is more towards said outer end than

said deposition well or test well; a passageway 1n said

cartridge body which connects said deposition well to said

test well and said overflow well; and a pressurization

device for pressurizing saild deposition well to provide

controlled movement of solution within said cartridge body.
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The above described and many other features and attendant advantages of the
present invention will become better understood by reference to the following

detailed description when taken in conjunction with the accompanying drawings.

5 BRIEE [ RIPTION OF THE DRAWLN

FIG. 1 is an exploded view of a preferred exemplary analytical cartridge 1n

accordance with the present invention.

FIG. 2 1s a bottom view of the analytical cartndge shown in FIG. 1.
10

FIG. 3 is a side view of the analytical cartridge shown in FIG. 2.

FIG. 4 is a top view of the cartridge body depicting the first step of a

preferred analytical procedure wherein a blood sample has been introduced 1nto the

15 deposition well.

FIG. 5 depicts the cartridge body after it has been subjected to centrifugation

in order to concentrate the red and white blood cells in the separation well.

20 FIG. 6 is a view of the cartridge body depicting the transfer of cell-free liquid

to the test well during pressurization of the deposition well.

FIG. 7 is a detailed view of the portion of the overflow passageway showing

the connection between the separation well segment of the passageway and the

25  overflow well segment.

FIG. 8 1s a sectional view of FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION
30 A preferred exemplary analytical cartridge in accordance with the present
invention is shown generally at 10 in FIGS. 1-3. The cartridge 10 1s made up of a
housing which includes a cartridge body 12, top plate 14 and label 16. The
analytical cartridge 10 further includes a hinged cap 18, flexible septum 20, reagent
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film 22, and retainer ring 24. In FIGS. 2 and 3, the analytical cartridge 10 is shown,
as assembled, from a bottom and side view, respectively. As best shown in FIGS. 2
and 3, the cap 18 is preferably hinged to the cartridge body 12 as shown at 26. The
cap 18 includes locking tabs 28 which are designed to releasably engage
indentations 30 in the cartridge body 12. The cap 18 preferably includes a curved
portion 32 which provides access under the cap 18 so that it can be easily opened
and closed. The cap 18 and top plate 14 have vent holes 19 and 21, respectively.
The cartndge body 12 and top plate 14 are preferably made from a suitable plastic,
such as polystyrene, polyvinylchloride, polycarbonate, or any other plastic which 1s
rigid and inert with respect to biological fluids. Hinged cap 18 1s preferably made
from a suitable plastic, such as polypropylene or polyethylene or any other plastic
which 1s flexible and inert with respect to biological fluids.

The septum 20 1s shaped to fit within opening 34 1n the cap 18. The septum
must be shaped to provide a sealing engagement with the cap 18 and top plate 14 so
that depression of the septum 20 when the cap 18 is closed onto the top plate 14
results in pressure being applied to the cartridge body as will be described in more
detail below. The septum 20 is made from an elastomeric material such as silicone
rubber or any other elastomeric matenal that 1s inert with respect to biological fluids.
The label 16 is optional and may be made from any of the well-known label
materials conventionally used to allow writing onto laboratory equipment.
Preferably, the label will be of the self-adhesive vanety. The label 16 will
preferably include an identification of the cartridge test chemistry along with
instructions or other notes, such as a bar code, relevant to the specific test protocol.

FIGS. 4-6 are top views of the cartridge body 12 showing a preferred
exemplary test cartridge at various stages during the testing procedure. Referring to
FIG. 4, the test cartridge 12 is shown during the first step of the analytical process
where a blood sample 36 1s located in deposition well 38. The cartridge body 12, as
shown in FIG. 4, has an inner end 40 and an outer end 42. After the blood sample
36 has been deposited in deposition well 38, the cartridge cap 18 1s closeq and the
cartridge is placed in a centrifuge or other apparatus which is capable of causing the
blood sample 36 to be transferred towards the outer end 42 as indicated by arrow 44
(see FIG. 5). Preferably, the centrifuge apparatus will be designed to house multiple

cartridges which can be centrifuged simultaneously.
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The top plate 14 includes a window 23 which provides visual access to the
deposition well 38. The window 23 may be clear or opaque. If opaque, the window
23 must be sufficiently transparent to allow one to visually assess the contents of the
deposition well 38. The window 23 is preferably in the shape of narrow strip as
shown in FIG. 1. The window strip 23 is positioned so that blood or other sample
only becomes visible when the required amount of sample has been deposited mnto
the well 38. The window 23 allows the operator to quickly and accurately verify
that the appropriate amount of sample has been deposited. Other types of detection
systems may be used to verify filling of the deposition well. However, the use of a
window, such as window strip 23, is preferred due to its simplicity.

As shown 1n FIG. 5, sufficient centrifugal force is applied to the cartridge 10
to ensure that the blood cells as shown at 46 are concentrated in separation well 48.
The size of the deposition well 38 is chosen to allow deposition of an excess of
sample. As a result, an overflow well 50 is provided. A detector (not shown) may
be provided to detect when fluid reaches the overflow well 50. The detector 1s
provided to insure that adequate sample has been introduced into the cartridge. The
detector is preferably connected to a control system which nullifies the test 1f
sufficient sample is not initially loaded into the cartridge to provide flow into the
overflow well 50 as measured by the detector. The detector can be a simple visual
detector like the window strip 23 described above. The detector could also be a
more complicated system utilizing detector electrodes or the like to provide an
electronic signal when fluid reaches the overflow well 50.

As shown in FIG. 5, the deposition well 38 is connected to the separation
well 48 by inlet passageway 52. The separation well 48 is connected to test well 54
by way of outlet passageway 56. Also, the separation well 48 is connected to the
overflow well 50 by way of overflow passageway 58. Vent passageways 60 and 62
are connected to vent opening 21 in top plate 14 to allow liquids to be transferred
through the various passageways to the various wells without the build-up of back
pressure. Vent passageway 62 is connected to the deposition well 38 by way of a
capillary break zone 64 and vent leg 65. The capillary break zone 64 1s designed to
prevent inadvertent capillary flow of fluid from the deposttion well 38 through
passageway 62. The particular shape of capillary break zone 64 1s not critical

provided that their is a sufficient increase in relative opening size between the
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capillary break zone 64 and the vent leg 65 to prevent capillary action from
transporting flmd from the vent leg 65 to the vent passageway 62. -

As shown 1n FIG. §, centrifuging of the analytical cartridge 10 results in the
separation of the blood plasma from a solid or cellular component located in
separation well 48 and any overflow located in overflow well 50. Substantially
solids-free plasma remains in portions of the outlet passageway 56, inlet passageway
52, and overflow passageway 58 as shown in the shaded portions in FIG. 5. The
speed at which the cartridge 10 is centrifuged, as well as the time, may be varied
depending upon a number of different critena. For example, in many situations it 1s
not necessary or desirable to separate cells or other components from the sample
fluid. In these cases, the centrifuge time and/or speed are kept at sufficiently low
levels to provide flow of fluid into the passageways and separation well, as
described above, without separating the solid components from the fluid. The result
1s an accurately metered homogeneous sample.

The optimum centrifuge speed and time can be determined by routine
experimentation as 1s well known 1in the art. The centrifuge load should be on the
order of 200 to 400 g’s with centrifuge times ranging from about 1 to 10 minutes and
a time to speed of less than 3 or 4 seconds. When cell separation and removal is
desired, the centrifuge parameters are chosen so that substantially all of the cellular
components of the blood are separated out, leaving a substantially solids-free liquid
located 1n the passageways as shown in FIG. 5. In situations where the sample 1s to
be metered only and not separated, 1t is preferred to keep the centrifuge load
relatively high. Separation 1s prevented from occurring by substantially reducing the
centrifuge time.

Referring again to FIG. 5, the amount of substantially solids-free liquid
which remains 1n the inlet passageway 52 and outlet passageway 56 1s determined
by the sizes of passageways 52 and 56 and the configuration of overflow
passageway 58. The overflow passageway 58 1s preferably composed of a
separation well segment 66 and an overflow well segment 68. The separation well
segment 66 includes a first end that 1s connected to the separation well 48 and a
second end which 1s connected to the overflow well segment 68. The overflow well
segment 68 has a first end which 1s connected to the separation well segment 66 and

a second end which is connected to the overflow well 50. The connection point
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between the separation well segment 66 and overflow well segment 68 1s shown 1n
detail in FIGS. 7 and 8. The separation well segment 66 forms an upstream
passageway 1n the overflow passageway 58 which has a restriction 70 at its upstream
or second end. The restriction 70 has a cross-sectional area which 1s substantially
smaller than the cross sectional area of the upstream passageway or separation well
segment 66 at its first end which 1s connected to the separation well 48. This
reduction in cross-sectional area as shown at 70 is required to ensure that capillary
action does not adversely affect the metering process and aliquotting of liquid in the
inlet passageway 52 and outlet passageway 56. It is also preferred that the cross-
sectional area of the separation well segment at 70 be less than the cross-sectional
area of the overflow well segment 68. This configuration 1s preferred in order to
provide a break in possible unwanted capillary action within the varnous
passageways and wells. It 1s also preferred that the connection between the
separation well segment 66 and overflow well segment 68 be vertically offset as
shown in FIG. 8. The configuration shown in FIGS. 7 and 8 for providing a
capillary break is preferred. Other configurations are possible provided that relative
changes in cross-sectional areas and the orientation of the connection point between
the upstream and downstream portions of the overflow passageway 58 are such that
capillary induced flow 1s prevented.

Preferably, the reduction in cross-sectional area shown as constriction 70 1n
FIG. 7 will occur adjacent to the connection with the overflow well segment 68.
Preferably, the separation well segment 66 will be a channel having widths of
between 0.7 and 1.1 mm and depths of between about 0.1 and 0.2 mm. The
constriction 70 will have widths on the order of 0.3 to 0.5 mm and depths on the
order of 0.1 to 0.2 mm. The overflow well segment 68 and the remainder of the
various passageways are preferably channels also having the above widths, but
depths on the order of 0.5 and 1.5 mm. It is particularly preferred that the channel
dimensions for all of the passageways (inlet passageway 52, outlet passageway 50,
overflow passageway 58, ventline 60 and 62) all be on the order of 0.8 mm wide by
1.1 mm deep. The preferred dimensions for the constriction 70 1s 0.4 mm wide by
0.1 mm deep. Passageways having cross-sectional configurations other than square

or rectangular channels are possible.
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Afier completion of the centrifuging step, the substantially solids-free liquid
located in the 1nlet passageway 52 and outlet passageway 56 are transported through

- the outlet passageway 56 as represented by arrow 71 in FIG. 6. The liquid as shown

at 72 1s forced towards the test well 54 by pressure which 1s applied to deposition
well 38 by compressing septum 20. Although it is possible to move liquid 72 into
test well 54 by pressing septum 20 by hand, it is preferred that an automatic system
be utilized wherein multiple cartridges 10 are centrifuged simultaneously and then
an apparatus be provided which automatically presses down on septum 20 to provide
desired pressurization of deposition well 38 to force the liquid 72 into test well 54.
The vent 21 1n the cover 14 must be sealed when the system 1s pressurized using
septum 20.

As best shown in FIG. 2, it is preferred that' the test well 54 be located
towards the bottom of the cartridge. In FIGS. 4-6, the entry to the test well is also
shown at 55. The test well 54 is preferably larger than the opening shown at 55 and
1s located within the cartridge body 12. In a preferred exemplary embodiment, a
reagent film 22 is placed at the bottom of the test well 54." Different reagent films
are available for testing different chemical substances in blood. The particular
reagent film utilized in the test cartridge will depend upon the blood component
being measured. Reagent films which are capable of providing sensitive and
specific measurement of a wide variety of blood and urine chemistries are available.
For example, reagent films are commercially available from Johnson & Johnson
Chnical Diagnostics (100 Indigo Creek Drive, Rochester, New York 14650) and
Fuj1 Photo Film Co., Ltd. (26-3‘0. Nishiazabu 2-chome, Minato-ku, Tokyo, Japan).
For example, reagent films are available for testing glucose, calcium, cholesterol,
total bilirubin, hemoglobin, uric acid, ammoma, AST, GGT, LDH, ALT, LAP,
amylase, alkaline phosphatase, creatine kinase, total calcium, tnglycenides,
cholesterol, HDL cholesterol, glucose, total protein, albumin, creatinine, urea
mtrogen, inorganic phosphorus, magnesium, carbon dioxide, ionized calcium,
sodium, potassium, and chloride.

The majority of reagent films change color or exhibit some type of
measurable change which can be detected utilizing conventional instrumentation
such as relec—tometers, photometers, fluorometers, specialized electrode detectors,

and the hke. In addition to reagent films, various other measurement systems may
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be incorporated into the test well. Systems for measuring blood coagulation and
immunoassays are possible. The various conventional reagents and detectors
utilized 1n the various blood chemistries are well-known and can be utilized in
connection with the test well. Basically, any blood measurement protocol wherein
plasma/serum i1s subjected to chemical treatment and/or measurement within a
relatively small test vessel may be utilized. The size of the test well 54 in the
cartridge body 12 will range in volume from 0.005 ml to 0.1 ml.

Although this preferred exemplary embodiment is being described with
respect to the use of reagent films used in combination with a suitable detector, 1t
will be understood by those skilled in the art that many other reagent and detection
systems are possible. In this regard, it will also be apparent to those of ordinary skill
in the art that many additional embodiments of the present invention are possible.
For example, multiple test wells may be included in the cartridge body to provide
multiple simultaneous analyses in a single analytical cartridge.

Having thus described exemplary embodiments of the present invention, it
should be noted by those skilled in the art that the within disclosures are exemplary
only and that various other alternatives, adaptations and modifications may be made
within the scope of the present invention. Accordingly, the present invention 1s not
limited to the specific embodiments as illustrated herein, but 1s only limited by the

following claims.

PO — ks
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CLAIMS

What 1s claimed is:

1. An analytical cartridge adapted for use in analyzing fluids which
contain liquid and solid components, said cartridge comprising:

a housing comprising a cartridge body which has a top surface, bottom
surface and outer walls defining a housing perimeter, said body further comprising
an inner end and an outer end

a deposition well located in said cartridge body for receiving fluids which
contain liquid and solid components:

a separation well located in said cartridge body at a position which is more
towards said outer end than said deposition well:

an 1nlet passageway in said cartridge body which connects said deposition
well to said separation well:

a test well located 1n said cartridge body at a position which is more towards
said inner end than said separation well;

an outlet passageway in said cartridge body which connects said separation
well to said test well;

an overflow well located in said cartridge body at a position which is more
towards said outer end than said deposition well or test well;

an overflow passageway in said cartridge body which connects said
separation well to said overflow well:

a pressurization device associated with said deposition well for pressurizing
said deposition well to provide controlled movement of solution within said

cartridge body.

2. An analytical cartrnidge according to claim 1 wherein said
pressurization device comprises a flexible septum which can be moved from a
relaxed position to one or more compressed positions, wherein movement from said

relaxed postition to said one or more compressed positions provides pressurization of

said deposition well.
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3. An analytical cartridge according to claim 2 wherein said septum is
located in a cap, said cap being movable between an open position wherein said
septum 1s displaced away from said deposition well to allow introduction of solution
into said deposition well and a closed position wherein said septum is in a position

to provide pressurization of said deposition well.

4. An analytical cartridge according to claim 3 wherein said cap
comprises a first end and a second end wherein said cap is hinged to said cartridge

body at either said first or second end.

5. An analytical cartridge according to claim 1 wherein said overflow
passageway comprises:

a separation well segment which extends between a first end that is
connected to said separation well and a second end, said separation well segment
defining an upstream passageway which has a cross-sectional area at said second end
which 1s smaller than the cross-sectional area of said upstream passageway at said

first end; and

an overtlow well segment which extends between a first end and a second
end wherein said second end is connected to said overflow well, said overflow well
segment defining a downstream passageway which has a cross-sectional area at said
first end which is greater than the cross-sectional area of said upstream passageway
at said second end and wherein the second end of said separation well segment is
connected to the first end of said overflow well segment to provide fluid transport

between said separation well segment and said overflow well segment.

6. An analytical cartridge according to claim 5 wherein said first end of
said overflow well segment comprises a wall and wherein said second end of said
separation well segment is connected to said overflow well segment at said wall
wherein said connection defines an opening in said wall which communicates

between said upstream passageway and said downstream passageway.
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7. An analytical cartridge according to claim S which further comprises

a vent passageway having a first end connected to the overflow well segment to said

overflow well passageway.

8. An analytical cartridge according to claim 7 wherein said vent
passageway comprises a second end connected to said deposition well and wherein a

capillary break zone is located at said second end of said vent passageway.

0. An analytical cartridge according to claim 5 wherein said separation
well segment of said overflow passageway comprises a constriction at said second

end where said upstream passageway connects to said downstream passageway.

10.  An analytical cartridge according to claim 1 wherein said cartridge
further comprises one or more reagents located in said test well which are capable of

interacting with said fluid to provide a measurable result.

11.  An analytical cartridge according to claim 10 wherein said one or

more reagents are in the form of a film located on a support surface.

12. A method for analyzing a fluild which contains at least one of solid
components and liquid components, said method comprising the steps of:

a) mtroducing said fluid into an analytical cartridge wherein said cartridge
comprises: |

a housing comprising a cartridge body which has a top surface, bottom
surface and outer walls defining a housing perimeter, said body further comprising

an inner end and an outer end

a deposition well located in said cartridge body for receiving fluids which
contain liquid and solid components ;
a separation well located in said cartridge body at a position which is more
towards said outer end than said deposition well ;
- an 1nlet passageway i said cartridge body which connects said deposition

well to said separation well ;
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a test well located in said cartridge body at a position which 1s more towards

said inner end than said separation well;

an outlet passageway in said cartridge body which connects said separation

well to said test well; ' .
~ an overflow well located in said cartridge body at a position which is more
towards said outer end than said deposition well or test well;

an overflow passageway in said cartridge body which connects said
separation well to said overflow well; '

a pressurization device associated with said deﬁosition well for pressurizing
said deposition well to provide controlled movement of flmd with said cartridge
body, whérein said fluid is introduced into said deposition we-ll in an amount which
is sufficient to at least partially fill said deposition well; '

b) centrifuging said analytical cartridge with said inner end and outer end of
sa.id cartridge body oriented so that said fluid flows through said mlet passageway to
said separation well, said analytical cartridge being centrifuged for a sufficient time
and at a-' sufficient centrifugal force to trahsport said flmd iilt(; sald separation well,
sa;d inlet passageway, said outlet passageway and said overflow passageway;

‘ c) pressurizing said déﬁoéiﬁon'well to provide flow of fluid from said inlet
and outlet passageways into said test well; and

d) analyzing said fluid in said test well.

13. A method according to claim 12 wherein said flwd comprises both
solid and liquid components and wherein said analyﬁcal cartridge is centrifuged for
a sufficient time and at a sufficient centrifugal force to separate said fluid into solid
components located in said separation well and substantially solids-free liquid

located in said inlet passageway, outlet passageway and overflow passageway. |

14. A method according to claim 12 wherein said step of analyzing said
1iquid in said test well comprises contacting said liquid with a reagent and measuring

the interaction between said reagent and said liquid.

15. A method according to claim 14 wherein said reagent is in the form L

of a film which is located on a support surface.
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16. A method according to claim 12 wherein said fluid which is analyzed
1s blood, said blood being separated during said centﬁﬁJging step into a cell fraction
located in said separation weli and a cell-free liquid which contains chemical

5 corﬁponents and has coagulation properties and wherein said cell-free liquid is

analyzed in said test well.

17. A method according to claim 16 wherein said step of analyzing said
cell-free liquid comprises measuring the coagulation properties of said cell-free

10 lhqud.

18. A method according to claim 16 wherein said step of analyzing said
cell-free liquid comprises measuring the electrolyte properties of said cell-free
liquid. ‘

15 ‘

19. A method according to claim 16 wherein said step of analyzing said

cell-free hquid comprises testing said liquid for the presence of one or more of said

chemical components.

20 20. An analytical cartridge adapted for use in analyzing fluids, said
cartridge comprising: |
a housing comprising a cartridge body which has a top surface, bottom
surface and outer walls defining a housing penmeter, said body further compri.sing
an inner end and an outer end ;
25 a deposition well located in said cartridge body for receiving fluids which
contain liquid and solid components;
a metering system located in said cartridge body at a position which is more

towards said outer end than said deposition well;
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a test well located in said cartridge body at a position which 1s more towards

said mner end than said deposition well;

an overflow well located in said cartridge body at a position which 1s more

towards said outer end than said deposition well or test well;

a passageway 1n said cartridge body which connects said deposition well to
sald test well and said overflow well; and
a pressurization device for pressurizing said deposition well to provide

controlled movement of solution within said cartridge body.
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