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Abstract

Cartridge for monitoring the function of a device for
testing blood platelet funcition, method for function

‘monitoring, and use of a test fluid

A cartridge for monitoring the function of a device for
blood platelet diagnosis has a housing 1 which includes
a test chamber 3 and a holding chamber 5. A fluid.
volume 7 of a test fluid 4 1is present 1inside the
holding chamber 5. An air cushion 6 is arranged above
the fluid volume 7. A measurement cell 8, which has a‘

capillary tube 9, is fitted 1in the upper part of the
test chamber 3.

(Fig. 2)
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Cartridge for monitoring the function of a device for
testing blood platelet function, method for function

monitoring, and use of a test fluid

The invention relates to a cartridge for monitoring the
function of a device for testing blood platelet
function, with a housing which 1includes a test chamber
and a holding chamber, and to a method for monitoring

the function of such a device, and to the use of a test
fluid in the device.

In a device for automated testing of blood platelet |
function, test <cartridges are used which contailn
bioactive porous separating elements. The device 1is
used to carry out tests or investigations of the blood
clotting process based on the blood platelet function,

with some or all of the steps in a test taking place
automatically.

Hemostasis, or arrest of Dbleeding, involves the
interaction of two biochemical systems which are
controlled by different protein factors and cellular
components, e.g. Dblood platelets. Based on current
knowledge, the processes by which blood coagulates
involve a multistage cascade of activations of protein
factors, which cumulate in fibrin formation. Various
tests have been develOpéd to test the 1individual stages

of this cascade and thus be able to determine whether

the blood from a patient can clot satisfactorily or
whether there is disturbed coagulation caused by a
deficiency in one or more of the factors needed for
blood clotting. It is known that the state of the blood
platelets or the blood platelet function gives an
indication of the ability o0of the blood to clot

satisfactorily.

The test for investigating platelet function or primary
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hemostasis in human whole blood 1s known as the
bleeding time test. The bleeding time test, which has
been used for several decades, 1nvolves makihg a cut 1in
the patient’s forearm. To avold such a cut, a further
test was therefore developed, which can provide a much

more exact blood platelet diagnosis.

US patents 4 604 804, 4 780 417 and 5 051 239 disclose
an assay system which can be used to carry out an 1in
vitro test with blood, which can be correlated
precisely and in a reproducible manner with the in vivo
bleeding time test mentioned above. The Thrombostat™
4000 appliance 1is one such system. The blood platelet

function 1is. evaluated in this system by means of
anticoagulated whole blood samples being sucked at a
constant underpressure through a small opening located
in the center of a separating wall which can be porous
or nonporous. In systems in which the separating wall
is porous, it is wetted, before the start of the assay,
with an activator which activates the coagulation of
the blood platelets. A thrombocyte plug forms at the

- opening, and the time needed to stop the flow of blood

is measured. This time 1is then correlated with the
blood platelet function.

The device used with the Thrombostat’™ 4000 consists of
three separate parts: a reagent/test chamber, a
capillary, and a well for the sample. A  porous
separating wall containing collagen is situated in the
reagent/test chamber. The reagent/test chamber must be

stored in a hermetically sealed package,' separate from

the capillary and the sample well, in order to maintain

the stability of the collagen during the indicated
storage time. The <capillary and the reagent/test
chamber have to be manually assembled by the operator
at the start of each test conducted. Moreover, the
sample to be tested has to be pilpeted into the sample
well and incubated before the sample well can be
assembled with the capillary and the reagent/test
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chamber. In addition, the time for the incubation step
is manually set by the operator. The separate
incubation step requires additional handling after the

incubation time when the operator fits the assembled

'capilla:fy and reagent/test chamber manually into the

sample well and initiates the test sequence. At the end
of the test, the expensive capillary '1s reused, and
considerable time therefore has to be spent cleaning
it.

To avoid these disadvantages, EP 0 716 745 Bl discloses
a cartridge in which the wuser no longer has to
intervene during the test cycle. This test cartridge
requires no complicated sample handling mechanisms, 1t
renders superfluous any separate external hermetic
packaging for the  reagent/test  chambers  during
transport and storage, and it 1s 1ntended for one-off
use. The test cartridge is generally suitable for assay
systems in which certain components/reagents are held
separately or are combined with one another only at a

suitable time.

The complex processes 1n primary hemostasis lead to
thrombocyte adhesion and aggregation and thus to plug
formation. Known appliances measure the time necessary
for this under standardized conditions. The result of
the time measurement 1s what 1is called the <closure

time, which is given in seconds. This 1s a measure of

- the platelet hemostasis capacity.

In the test, plasmatic and cellular components of
primary hemostasis are recorded. This 1s done by 1in
vitro stimulation of the physiological conditions
leading to adhesion, activation and aggregation of the

thrombocytes.

In the devices for platelet function diagnosis, a

buffered sodium citrate whole blood sample 1s allowed

to flow through a membrane opening coated with collagen
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(Col) or with a further activator such as epinephrine
(Epi) or adenosine 5’-diphosphate (ADP), to simulate
the conditions which prevail in a blood vessel. The
platelets react 1in the presence o0of the plasmatic
components, for example von Willebrand factor, under
pressure and shearing force conditions corresponding to
those c¢f a small damaged Dblood vessel. Adhesion and
aggregation of the thrombocytes leads to closure of the
membrane opening. The time measured from the start of
the measurement to when the membrane opening closes is
the aforementioned  closure = time. Taking into
consideration the overlappling closure 'time's of normal
and abnormal populations, the decision criteria in
clinical studies. in the PFA-100® system are based on

the following reference ranges:

Measurement cell ofi 3.8% buffered| 3.2% buffered

citrate blood

reference range | reference range

(s) (s)

the device citrate blood

Collagen/Epinephrine | 94 - 193 82 - 150 |
Collagen/ADP 71 - 118 62 - 100

With the known devices for platelet function diagnosis,

there 1s therefore a simple screening possibility

available for at-risk patients  with congenital

thrombocyte function disorder. The measurement cells or
test cartridges of these devices permit differentiation
between normal and abnormal platelet function (Col/Epi)
and detection of an acetylsalicylic acid-induced
disturbance (Col/ADP). By means of platelet function
diagnosis, very many patients with congenital
thrombocyte function disorders can be diagnosed without
the need for further special diagnostics, such as
aggregometry. On intake of acetylsalicylic acid, there
is a very rapid rise and then fall in the concentration
of medicament in the serum. The consequence of this is
an 1ncrease in the Col/Epi closure times, which are

prolonged for days. The extent of prolongation of the
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closure time has been shown to differ in individual

patients.

EP O 716 744 Bl and 0 716 745 Bl disclose devices for
blood platelet diagnoeis, in which measurement cells or
test cartridges are fitted, and describe in detail the
assays for testing the blood platelet function. The
assays for testing platelet function described in US
patents 4 604 804, 4 780 418 and 5 0351 239 include an
incubation step in the device during which the blood
sample to be analyzed and the components of the assay
are heated to a defined temperature, the sample and the
assay components being kept separate during this
incubation step. After the incubation step, a capillary
tube comes into contact with the Dblood, and an
underpressure 1s generated 1n the test chamber, which
has the effect of suctioning the blood through the
capillary tube. The effect of the underpressure 1s that
the blood sample flows from a holding chamber, through
the capillary tube and into a recelving chamber and
through an opening 1in the separating element. In the
case of test cartridges for use 1n the platelet
function assay, reagents on the separating element
activate the formation of a thrombocyte plug which
blocks the opening, so that the blood sample can no
longer flow through the capillary tube. The time needed
to intei:rupt the flow of blood i1s compared with the
time needed for interrupting the blood flow when the
platelet function of the blood 1s normal. The normal
range of closure time 1is determined by analysis or
tests of normal blood.

The porous separating elements used 1in the known
devices in the test cartridges are suitable for whole
blood and blood plasma coagulation assays which are
similar to the prothrombin time tests and the partial
thromboplastin time tests for assessing clotting
functions. The plug formation 1s initiated by the blood
coming 1into contact with suitable activators for
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exogenous or endogenous activation. The activators are
incorporated in the porous separating elements. The
time needed for stopping the blood flow 1s for example
correlated with the prothrombin time or the partial
thromboplastin time of the persons to be tested.

The concentration of the substance or substances in the
porous separating elements 1s chosen so that a closure
time 1is obtained which reveals a difference between
normal and abnormal <clotting parameters. In the

platelet function test, adenosine 5’-diphosphate . (ADP) |
is a preferred reagent for incorporation in the porous
separating elements. The closure time 1n the case of a
normal  blood sample depends partially on the
concentration of the biloactive substance incorporated
in the membrane. The concentration of thils substance 1is
chosen so that a clear difference between normal and
abnormal coagulation parameters 1S obtalned. The
reagent concentration can be optimized taking into
account the desired sensitivity of the assay. It 1s
desirable that the concentration of ADP is sufficient
to be able to demonstrate a slight thrombocyte

dysfunction, but not so low that wvariable results are

obtained.

In the known devices for blood platelet Idiagnosis, one
problem is that of checking and monitoring the
technical functionality of the system before the start
of an assay. '

This monitoring of the function of the devices differs
entirely from the self-testing of the devices in which,
for example, the operating voltage, current uptake,
operating temperature, heating time for the sample, and

similar, are checked.

The object of the invention is to check the technical
functions of a device for blood platelet diagnosis.
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This object 1is achieved by the subjects and method
described in the claims, in particular by a device of
the type mentioned at the outset, 1n which a separating
element closes off in an airtight manner a fluid volume
and an air cushion situated above the latter 1in the
holding chamber, a measurement cell can be fitted 1into
the upper part of the test chamber, and a capillary
tube connects the measurement cell to the fluld volume.

In one embodiment of the device, the holding chamber
can be closed off in an airtight manner by an upper
closure element. The measurement cell expediently sits
in an airtight manner on a peripheral base arranged on
the 1nner wall of the test. chamber. A suction device
can be connected sealingly to the measurement cell and

generates an underpressure in the measurement cell.

In a preferred embodiment of the 1invention, the test
fluid contains a mixture of glycerol and water.
However, other fluids or mixtures of these can be used
as test fluid according to the 1nvention, and,
depending on the particular purpose, these have a
comparable, i.e., within the normal fluctuation range,

an identical, a lower or a higher viscosity compared to

the viscosity of the sample to be tested, e.g. whole

blood, platelet-rich blood plasma, blood plasma. Fluids
suitable as test fluid are, for example, water,
glycerol, oils, polyethylene glycol and mixtures of
these. The test fluid <can alsoc contain further
components which for example increase the stability
and/or storage life of the test fluid or can change its
viscosity, for example buffer substances, salts,
antimicrobial substances, nucleic  acid chains,
carbohydrate chains, proteins, etc. The viscosity of
the sample to be tested and of the test fluid can be
determined, for example, by conventional viscosimeters.

A particularly preferred method according to the

invention for monitoring the function of a device for
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testing blood platelet function comprises the following

steps:

(1)

(3)

(95)

(6)

introduce a specific volume of a test fluid 1in a

holding chamber;

closing off the fluid volume, and an alr cushion
located above this, in an airtight manner by means

of a separating element;

closing off the test chamber in an airtight manner
by means of a. sealing element and introducing a

measurement cell into the test chamber;

moving a capillary tube, connected to a
measurement ceil, inside the test chamber 1in the
direction of the separating element and piercing
the separating element with the capillary tube so
that the latter comes into contact with the test

fluid or plunges into the test fluid;

generating a sufficient underpressure in the '
measurement cell so that test fluid flows through
the capillary tube into the measurement cell;

measuring the time needed until the flow of the
test fluid into the measurement cell stops; and

correlating the time measured in step (f) with a

predetermined reference value.

The predetermined reference value 1n step g) 1is, for

example, the time for the blood flow in a predetermined

normal range of the device for testing blood platelet

function.

The further details of the method are set out 1n the
method measures in claims 17 through 23.
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The invention makes it possible, using a test fluid, to
simulate a test for determining the closure time of a
normal whole blood or plasma sample by defining an
initial flow. speed and a suctioned total volume of the

whole blood sample.

As the closure time to be expected 1s known; any large
deviation of the closure time of the test fluid
indicates that the device i1s not ready for use for the
desired  diagnosis, for example  blood platelet.
diagnosis. -Thus, for example, a leak between the
suction device and-the measurement cell of the device

can lead to longer closure times of the test fluid.

The measurement principle for the closure time of the

test fluid is that the time from the start of flow of
the test fluid to when the flow stops, caused by the
pressure balance between the underpressure 1in the
holding chamber and  the suction pressure 1in the
measurement cell, 1s measured 1n time units, for

example seconds.

The reproducibility of the closure time 1is very good,
and the deviations in the parameters of suctioned total

volume of test fluid and initial flow speed are very
low at 1 to 2 %.

Particular embodiments of the invention are explained
in more detail below on the basis of illustrative
embodiments shown in the drawing, in which:

Figure 1 is an exploded view showing a cartridge
for monitoring the function of a device
for blood platelet ‘diagnosis in

accordance with the invention:

Figure 2 1s a sectional view  of a first
embodiment of the cartridge along 1line

I-I of Figure 1, 1in contact with a
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suction attachment of a suction device;

Figure 3 is a sectional view of a second
embodiment of the cartridge along the
line I-I of Figure 1, in contact with a

suction attachment of a suction device;

Figs 4a and 4b are cross sectional views of a third
embodiment and a fourth embodiment of
the cartridge along line I-I of Figure
1.

The cartridge according to the invention for functional
monitoring 1is explained on the basis of 1llustrative
embodiments which are wused 1in devices for Dblood
platelet diagnosis. The outer shape and the dimensions
of the housing of such a cartridge therefore correspond
to the test cartridges as disclosed and described in
European Patent EP 0 716 744 Bl and 0 716 745.

Figure 1 1is an exploded view showling an embodiment of
the cartridge having a housing 1 which includes a
holding chamber 5 and a test chamber 3 arranged
laterally on the holding chamber. On the top face of
the housing 1 there 1s a pe'ripheral flange 20 which
extends beyond the holding chamber 5 and the test
chamber 3. The geometry of the housing 1 is chosen such
that the probability of inclusion of an air. bubble 1in
the cartridge is minimized. For this purpose, use 1s
made, 1inter alia, of an inclined bottom 17 (see Figures
2 and 3) of the holding chamber 5 so as to keep air
inclusion small when test fluid 1s 1introduced 1nto the
holding chamber 5 through an opening 21. By virtue of
the geometry of the housing 1, the greatest possible
surface contact of the test fluid with the heated
housing wall is achieved, while at the same time the
surface of the test fluid exposed to the 'air_ is
minimized. A measurement cell 8, to which a capillary

tube 9 is secured, can be fitted into the test chamber
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3. On the insid.e of the measurement cell 8 there are
blocking ribs 18 for positioning a suction attachment
13 of a suction device 12 (see Figures 2 and 3). A
total of four such blocking ribs 18 are provided, of
which two are shown in Fig. 1 and three in Fig. 2.
After thé measurement cell 8 has been fitted into the
test chamber 3 and the test fluid has been 1introduced
through the opening 21, the housing 1 1is closed off
with a removable upper closure element 19 which closes
flush with the flange 20. The upper closure element 19
can be pulled off the housing 1 and removed completely
from the flange 20.

The measurement cell 8 has a peripheral upper edge 16.

Figures 2 and 3 show sectional views along line I-I of
Fig. 1.

The sectional view in Figure 2 shows a first embodiment
of the cartridge in which the capillary tube O
protrudes into the inside of the measurement cell 8.
The cartridge contains, in the holding chamber 5, a
fluid volume 7. The fluid volume 7 1s built up by the
test fluid 4 that is 1introduced. As soon as this has
happened, the holding chamber 5 1s closed off by a
separating element 2, specifi'cally at a heilght such
that an air cushion 6 is located above the level of the
test fluid 4.

Figure 2 shows the configuration between the suction
device 12 and the cartridge -after the suction
attachment 13 of the suction device 12 has come into
contact with the measurement cell 8 and has pressed
this sc¢ far down 1in the test chamber that the
measurement cell 8 sits on a peripheral base 11 which
is arranged on the inner wall of the test chamber 3.
The measurement cell 8 1is of cyliﬁdrical design and has
a diameter smaller than the internal diameter of the

test chamber 3. The upper, slightly bulged edge 16 of
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the measurement cell 8 lies on the inner wall of the
test chamber 3. Arranged between the outside of the
measurement cell 8 and the 1nner wall of the test
chamber 3 there is a sealing element 15 which closes
the test chamber off in an airtight mahner from the
outside atmosphere. When the measurement cell 8 moves
down, the capillary tube 9 pilerces the separating
element 2 and comes into contact with the test fluid 4
in the fluid volume 7 or plunges into this test fluid
4. In this position of the measurement cell 8, an

underpressure is generated in the measurement cell 8 by

the suction device 12. The suction attachment 13 is
equipped on the outside with an O-ring 14 which lies on
the edge 16 of the measurement cell 8 and helps seal
the measurement cell off from the outside atmosphere.
By means of the underpressure applied to the
measurement cell 8, test fluid 4 flows from the fluid
volume 7 through the capillary tube 9 and into the
measurement cell 8, and a fluid volume 10 of rising
level forms. As test fluid 4 flows 1nto the measurement
cell 8, the fluid volume 7 decreases ‘and the air
cushion o expands, as a result of which an
underpressure forms in the air space between the

separating element 2 and the fluid volume 7. As soon as

this underpressurze is the same as the underpressure

generated by the suction device 12 in the measurement
cell 8, an equilibrium.islachieved and, from this point
in time onward, no more test fluid 4 flows into the

measurement cell 8. The time span from when the test

fluid 4 starts to flow, 1.e. from when an underpressure
of for example -40 mbar is generated in the measurement
cell, to when the flow of the test fluid 4 stops, is
measured 1n seconds and. referred to as the closure
time. The measurement principle underlying the closure
time is thus based on an equilibrium betweén the
underpressure 1in the air cushion above the fluid volume

7 and the underpressure 1in the measurement cell 8.

The test fluid 4 contains, for example, a mixture of
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glycerol and water, and its viscoslity 1s set such that
it corresponds to the viscosity of normal blood. The

ratio of glycerol to water is 30:70 to 40:60, based on

the total weight of the mixture of glycerol and water.
In particular, the ratio of glycerol to water 1s 35:65
percent by weight, in each case based on the total

weight of the mixture of glycerol and water.

The 1initial flow speed of the test fluid 4 1s
controlled by changing the length and the internal
diameter of the capillary tube 9. The internal diameter

of the capillary tube 9 lies 1in -the range of 100 to

200 pm, in particular 150 to 210 pm. The length of the

capillary tube 9 lies in the range of 15 to 30 mm. In a

preferred embodiment, the internal diameter of the

|

capillary tube is 200 * 10 pm, and the length of the

capillary tube is 30 mm. The initial flow speed (IF) 1s
150 to 200 pl/min with a tolerance of about * 2.5 to
3%. The total volume of test fluid 4 1is 300 to 400 nl,

with a tolerance of + 5 to 7%. With the above-described

configuration of the <capillary tube 9 and the

conditions for the initial flow speed and the total
volume of the test fluid 4, a closure time of about 120
to 180 seconds 1s obtained, with a tolerance of + 5
seconds. The viscosity, the total volume and the
initial flow speed of the test fluid 4 and the
underpressure in the measurement cell 8 determine the
closure time of the test fluid. When it is necessary,
for some assays, to lengthen or shorten the closure
time, the viscosity of the test fluid 4 can be
increased or decreased by changing the ratio between
glycerol and water. If the capillary tube 9 1s
shortened, the internal diameter of the capillary tube
can also be reduced in order to maintain the 1initial
flow speed. If the capillary tube 1s shortened while
the 1internal diameter remains the same, the total
volume of the test fluid must be reduced to be able to
keep the flow speed constant. The greater the air

volume, i.e. the initial air cushion 6 above the fluid



5

10

15

20

29

30

35

CA 02490432 2004-12-16

- 14 -

volume 7, the longer the closure time of the test
fluid. The initial flow speed, the total volume of test

fluid, the air volume or air cushion 6 and the

viscosity of the test fluid are chosen such that the

standatdized closure time of 120 to 180 'seconds is
maintained, which coincides with the closure time of
normal blood. If it is found, 1n a measurement, that
the closure time of the test fluid deviates from the
standardized closure time, it can be assumed that the
tested device for blood platelet diagnosis does not
function satisfactorily. The material for the capillary '
tube 9 is preferably stainless steel, so that the
defined narrow tolerance for the internal diameter of a
relatively smooth inner surface can be maintained. The
measurement cell 8 1is expediently made of a plastic

such as polypropylene or polyethylene terephthalate.

Figure 3 shows a further embodiment of the cartridge 1in
Cross section. This embodiment differs from the
embodiment shown in Figure 2 only to the extent that
the capillary tube 9 is integrated with the measurement
cell 8 such that the capillary tube 1s connected
integrally to the underside of the measurement cell 8
without extending into said measurement cell. 'The top
face of the measurement cell 8 1s closed except for a
small bpening 22. This opening 22 1s connected to a
suction attachment of the suction device 12. In the
position shown in Figure 3, the capillary tube 9 has
likewise pierced the separating element 2 and 1is 1n
contact with the test fluid 4 of the fluid volume 7.
The suction device 12, which lies sealingly on the
measurement cell 8 via the O-ring 14, has pushed the
measurement cell 8 in the test chamber 3 so far down
that the measurement cell sits on the base 11. In this
embodiment of the measurement cell 8, the blocking ribs
can be dispensed with, because the measurement cell 1is
closed all round except for the small opening 22. AS
soon as the suction device 12 1inside the measurement

cell 8 generates an underpressure, the test fluid 4
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rises through the capillary tube 9 into the measurement

cell and there forms a rising fluid volume 10 until

such time as the underpressure 1n the air cushion 6
above the fluid wvolume 7 1s equal to the applied

underpressure in the measurement cell 8.

The cartridge intended for one-off use is discarded
together with the test fluid 4 in the measurement cell
8 at the end of the test. The cartridge shown 1in
Figures 2 and 3 for one-off use is prepared for the
test by the following steps. Flirst, the test fluid 4 1is

introduced into the holding chamber 5, and the holding

chamber 5 is then closed off in an airtight manner with

the separating element 2. An air cushion 6 1s present

between the separating element 2 and the fluid volume
7. N

test chamber 3, and the test chamber 1s closed off 1in

ext, a measurement cell 8 1s 1introduced 1into the

F_ N

an airtight manner by means of a sealing element 15
which bears on the inner wall of the housing 1 of the
cartridge and a partition wall between the test chamber

3. and the holding chamber 5. Thereafter, the top face

~of the housing 1 is closed off 1n an airtight manner

with a closure element 19. The measurement cell 8 1s

located in a position near to the closure element 19,
so that the capillary tube 9 connected to the
measurement cell 8 is arranged with 1ts lower end above
the separating element 2, 1.e. the separating element 2
1s not pilerced by the capillary tube 5. Next, and
before inserting the cartridge 1into the device for
blood platelet diagnosis, the closure element 19 over
the test chamber 3 1is removed. So far as the closure
element 19 covers the holding chamber 5, it 1is
maintained. In the next step, the capillary tube B9
connected to the measurement cell 8 inside the test
chamber 3 is moved in the direction of the separating
element 2, caused by the mechanical pressure exerted by
the suction device 12 and applied to the measurement
cell 8, as a result of which this is pushed downw‘ard

until 1t sits on the base 11. In this movement, the
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caplllary tube 9 pierces the separating element and
comes into contact with the test fluid 4 of the fluid
volume 7 or plunges 1into the test fluid. By means of
the suction device 12, an underpressure is generated 1n
the measurement cell sufficierit to ensure that test

fluid flows through the <capilillary tube 9 into the
measurement cell and a fluid volume 10 is built up
therein. The time needed before the flow of test fluid
into the measurement cell stops 1s measured. The
application of the underpressure to the measurement
cell marks the beginning of the time measurement. The
closure time thus obtained 1s correlated with the time
for the blood flow in a predetermined normal range of
the device for blood platelet diagnosis.

Figure 4a shows a third embodiment of the cartridge
which 1i1s of a similar design to the  first embodiment

according to Figure 2.

The sealing element 15 is designed as an O-ring in this
embodiment. The capillary tube 1is surrounded by a
jJacket 23 1inside the holding chamber 5, and where the
capillary tube 9 protrudes into the measurement cell 8,
it is enclosed bv a further jacket 26. Although this is
not shown in the embodiments according to Figures 2 and
3, it 1s of course possible that in the first and
second embodiments too the capillary tube 9 is or can
in each case be surrounded by a jacket 23 and that the
first embodiment additionally has a Jjacket 26. The
capillary tube 9 passes through a separating element
25.

A wall 27 between the holding chamber 5 and the test
chamber 3 reaches down almost to the inclined bottom 17
and is kinked or curved in the 1lower portion. The
separating element 25 1is located between the wall and a
wall of the housing 1 and closes the holding chamber 5
off from the test chamber 3. The test fluid assumes a
fluid volume 7 inside the holding chamber 5, the fluid
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volume filling about half the volume of the holding
chamber 5. In the upper part of the holding chamber 5
there is a further separating element 24 which, after
the test fluid 4 has been introduced, 1s 1nserted 1into
the holdiné chamber 5 at a distance from the flange 20.
The air cushion 6 is enclosed between this separating
element 24 and the level of the test fluid 4. The other
parts of the cartridge. largely correspond to the first
embodiment according to Figure 2 and are labeled with
the same reference numbers as 1in Figure 2, so that they

are not described again.

The fourth embodiment according to Figure 4b is of a

design similar to the third embodiment according to
Figure 4a, soO that only the features different than the
third embodiment are discussed below. In the fourth
embodiment shown, the opening 21 of the holding chamber
5 is closed, after introduction of the test fluid, by
the separating‘eleﬁent 24 which lies on the flange 20.
The upper closure element 19 of the cartridge spans the

~ separating element 24 and forms a closure with the

flange 20. After the closure element 19 has been pulled
off from the flange 20, the holding chamber 5 is still
closed 1in an airtight manner by the separating element
24. The closure element 19 1s made of a self-adhesive
film, for example. In the fourth embodiment, the air
cushion 6 is larger than 1in the third embodiment
because the separating element 24 closes flush with the
opéning 21 of the holding chamber and 1s not aj:ranged
inside the holding chamber, as is the case in the third
embodiment .

The capillary tube 9 passes through the separating
element 25.

The configuration between the suction device and the
cartridge in the third and fourth embodiments is the
same as has been described with reference to the first

embodiment. For reasons of better clarity, the suction
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device is not shown 1in Figures 4a and 4b, but the

underpressure exerted by the suction device allows the

test fluid to flow through the capillary tube 9 1into
the measurement cell 8 and, there, the fluid wvolume 10
is built up until the underpressure 1n the air cushion
6 above the fluid volume 7 1is equal to the applied

underpressure in the measurement cell 8.

With longer or shorter closure times compared to the

standardized closure time for normal blood or for other
test samples; and by means of higher or lower 1initial
flow speeds of the test fluid, it 1s 'possible to
simulate not just normal but also abnormal blood states
and thus monitor the function of devices for blood
platelet diagnosis 1in respect of abnormal Dblood
compositions. This can be achieved Dby 'selecting
suitable test fluid, in particular 1ts viscosity
compared to the viscosity of the sample to be tested,
in the cartridges according to the 1nvention and 1n

other embodiments according to the invention.
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A cartridge for monitoring the function of a
device for testing blood platelet function, with a
housing (1) which includes a test chamber (3) and
a holding chamber (5), wherein a separating
element (2; 25) closes off in an airtight manner a
fluid volume (7) and an alr cushion (6) situated
abox}e the latter in ‘the 'holding chamber (5), a
measurement cell (8) can be fitted into the upper
pért of the test chamber (3), and a capillary tube
(9) connects the measurement cell to the fluid
volume (7). '

The cartridge as claimed in c¢laim 1, wherein the
holding chamber (5) can be closed off in an
alrtight manner by an upper closure element (19).

The cartridge as claimed in claim 1 or 2, wherein
the measurement cell (8) sits on a peripheral base
(11) arranged on the 1inner wall of the test
chamber (3). '

The cartridge as claimed in one or more of claims
1 through 3, wherein the measurement cell (8) 1is
cylindrical and has a diameter smaller than the
internal diameter of the test chamber (3).

The cartridge as claimed in one or more of claims
1 through 4, wherein a sealing element (15)
between the outside of the measurement cell (8).
and the inner wall of the test chamber (3) ‘closes
the test chamber off in an airtight manner from

the outside atmosphere.
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The cartridge as claimed in one or more of claims
1 through 5, wherein a suction device (12) can be
connected sealingly to the measurement cell (8)

and generates an underpressure 1n the measurement
cell (8). '

The cartridge as claimed in claim 6, wherein the

~suction device (12) has a suction attachment (13)

which is equipped with an O-ring (14).

The cartridge as claimed in claim 7, wherein the
O-ring (14) lies sealingly on an edge (16) of the

measurement cell (8).

The cartridge .as claimed in one or more of claims
1 through 8, wherein the capillary tube (9), with
its upper end, protrudes into the measurement cell
(8), passes through the separating element (2)
and, with its lower end, plunges 1into the test
fluid (4) of the fluid volume (7).

The cartridge as claimed in one or more of claims
1 through 9, wherein the measurement cell (8) 1s
closed all round, except for a small opening (22)
in its top face and except for the capillary tube
(9) connected to the measurement cell (8).

The cartridge .as claimed in claim 10, wherein the
capillary tube (9) is connected integrally to the
underside of the measurement cell (8) without

protruding into the measurement cell (8).

The cartridge as claimed in one or more of claims
1 through 11, wherein the test fluid (4) contains

a mixture of glycerol and water.

The cartridce as claimed in claim 12, wherein the

ratio of glycerol to water 1s 30:70 to 40:60
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percent by weight, based on the total weight of

the mixture of glycerol and water.

The cartridge as claimed in claim 12, wherein the
ratio of glycerol to water 1s 35:65 peréent by
weight, based on the total weight of the mixture
of glycerol and water.

The cartridge as claimed in one or more of claims
1 through 11, wherein the test fluid contains
water, oils, polyethylene glycol and mixtures
thereof.

The cartridge as claimed 1in claim 12 or 15,

wherein the test fluid (4) contains Dbuffer
substances, salts, antimicrobial substances,
nucleic acid chains, carbohydrate chains,
proteins.

A method for monitoring the function of a device
for testing blood platelet function, which method
comprises the following steps:

(1) introducing a specific fluid volume (7) of a
test fluid (4) in a holding chamber (5);

(2) closing off the fluid volume (7), and an air
cushion (6) located above this, in an
airtight manner by means o©of a separating
element (2; 25);

(3) closing off the test chamber (3) 1in an
airtight manner by means of a sealing element
(15) and introducing a measurement cell (8)

into the test chamber;

(4) moving a capillary tube (9), connected to a
measurement cell (8), inside the test chamber

(3) 1in the direction of the separating
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element (2; 25) and pilercing the separating
element with the capillary tube so that the
latter comes into contact with the test fluid
or plunges into the test fluid; '

(5) generating a sufficient underpressure in the
measurement cell so that test fluid flows
through the caplllary tube into the

measurement cell;

(6) measuring the time needed until the flow of
the test fluid into the measurement cell
stops; and

(7) correlating the time measured in step (f)

with a predetermined reference value.

The method as claimed 1n claim 17, wherein the
viscosity of the test fluid is chosen equal to the
viscosity of blood or blood plasma in the normal
state.

The method as claimed in claim 17, wherein the
viscosity of the test fluid is chosen greater than
the viscosity of biood or blood plasma 1in the
normal state, so that the time according to step
(f) is lengthened. - |

The method as claimed 1in claim 17, wherein the
viscosity of the test fluid 1s chosen lower than
the viscosity of blood or blood plasma in the
normal state, so that the time according to step
(f) 1s shortened.

The method as claimed 1n one or more of claims 17
through 20, wherein the fluid volume of the test
fluid is reduced compared to the initial state in
order to lengthen the time according to step (f).
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The method as claimed in one or more of claims 17
through 21, wherein the capillary tube 1is
lengthened in order to lengthen the time according
to step (f).

The method as claimed in one or more of claims 17
through 22, wherein the 1internal dlameter of the
capillary tube 1s reduced 1n order to lengthen thé
time according to step (f).

The use of a test fluid for checking and
monitoring the technical functionality of a
measurement device . which, Dby measuring the
pressure in a measurement chamber, measures
physiological processes such as, for example, the
cOagulability of a sample.

The use as claimed in claim 24, wherelin the sample
is whole biood, blood plasma, or platelet-rich
blood plasma.

The use as claimed in claim 24 or 25, wherein the
viscoslity of the te-.st fluid 1s chosen comparable
to or lower or higher than the viscosity of the
sample to be tested. '

The use as claimed in one or more of claims 24
through 26, wherein the test fluid 1is water,

glycerol, oils, polyethylene glycol or a mixture
of these. '

The use as claimed in one or more of claims 24
through 27, wherein the test fluid contains buffer
substances, salts, antimicrobial substances,
nucleic acid chains, carbohydrate chains, proteins

or mixXxtures of these.
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The use as claimed in one or more of claims 24
through 28, wherein the test fluid is used in a
device for blood platelet diagnosis.

The use as claimed in one or more of claims 24

through 29, wherein the test fluid 1is located 1n a
cartridge.

The use as  claimed in claim 30, wherein the
cartridge is a cartridge as claimed in one or more
of claims 1 through 16.



00000000000000000000

1178

19




CA 02490432 2004-12-16

Fig. 2 T 11 1
/g O\ N\

T N |
\ I BV AY/.

o L]
S—

'....'.".‘

X .(—n# 14
6 N NN
N A
VA2 Gor——13
ol
1 —NR N
12| =S
\ N D
11 \ AR\
< ‘I
2 ! i
o o \
T N
J_—_ g
s \
..._.. - .



CA 02490432 2004-12-16

315

Fig. 3 I N L
/O \ XX
| D |

| 1 11
\\ SR YA/,
o L
N [ 77
ST | R
\ I\ (G )\
20 21 ‘ Ea}\\\\‘n;\\\\y"g 13
S Q —k 8
16 §-!!E E;i 15
15 T NA \7%
LB M
10— HN—FRR §I
=l
1 1 \
L R \ A -
< 9
27 K
6 -
N~~~ — -
> - - - — - 4
H “““““““““““
\ipigipligtel




CA 02490432 2004-12-16

19

(L L L L L L L L L L L Ll

.““‘

‘\

20

3

\
\
A

24

16
15

8

””

‘.............. !‘....

\ v GV SV EEIVWAN L, WANE G A AWEA S ESAVESAS

o

/.

o

1
1

D
o N

[ 7 7 777X 2 !‘..
' .I

’,’
!

“..! VAVAYAA VEAVAVEV A A

N7 rhrrr \_| ....
(]

l\\\\sa\\\\ /
\ b

. N

-

K

\
%
N

P
N

-« <
-

P~
1



CA 02490432 2004-12-16

5/5

Fig. 4b
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