
- 1 - System and method for analyzing a body fluid Description The
invention concerns a system or a device for analyzing a body fluid
comprising a collecting element which receives the fluid in a
reservoir, a test element designed to 5detect an analyte in the
fluid, a transfer device for making a fluidic connection between the
collecting element and the test element, and a detection unit which
detects an analyte-specific measurement signal on the test element
during a measurement interval. The invention additionally concerns a
corresponding analytical method. 10 A similar system for blood sugar
tests is known from WO 2005/084530 in which an integrated combination
of a collecting element with an analytical test zone is described in
which after the collecting process, sample transfer is intended to
take place by deformation of a fluid-conducting channel. However, it
makes no reference to the boundary conditions for sample transfer in
particular for components that are 15 physically separated from one
another before and/or after the measurement. Furthermore, problems
may arise with regard to providing and disposing of the consumables
due to the integrated arrangement. Starting from this the object of
the invention is to further develop the products and methods known in
the prior art and specify a configuration which is also optimized 20
with regard to provision / disposal of the consumables as well as
with regard to reproducible measurement results. The combination of
features stated in the independent patent claims is proposed to
achieve this object. Advantageous embodiments and further
developments of the invention are derived from the dependent claims.
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The invention is based on the realization that the success of a
measurement depends decisively on the fact that the test element
essentially always remains loaded with sample fluid over the
measurement period. Accordingly it is proposed that the transfer
device permanently brings the test element into contact with the body
fluid 5located in the reservoir during the measurement interval so
that a liquid column is maintained on a detection area of the test
element, and that the transfer device is configured to physically
separate the test element and the collecting element from one another
after the measurement interval. An adequate liquid volume on the
detection area allows reaction processes and in particular diffusion
processes to 10 proceed uniformly without layer thickness effects
still playing any significant role also with regard to tolerances.
The liquid column stands on or over the surface of the test element
and thus has a liquid level in a space delimited by the collecting
element. The use of separate elements for liquid collection and
analytical detection also dictates that they are actively brought
together thus also allowing the start of 15the reaction to be exactly
defined. At the same time a simplified handling is also ensured in
advance also with regard to sterilization and storage while the
separation after the measurement allows disposal to take place in a
form which corresponds to the previous provision so that storage is
also facilitated. Last but not least contamination of the collecting
element with the test chemistry and thus a hazard 20 upon body
contact or a reduction of hydrophilic properties is avoided in this
configuration. Advantageously the liquid volume of the reservoir is
defined such that the liquid column over the detection area does not
fall below a minimum height for the duration of the measurement
interval. In this connection it is advantageous when the 25 minimum
height of the liquid column is more than 10 gm, preferably more than
50 Rm. This also allows a compensation for production-related
tolerances and the minimum height below which diffusion processes
still play an important role is reliably exceeded. 



- 3 - The test element is basically larger than the actually detected
detection area. In order to avoid a site dependency, the test field
should be designed such that the body fluid is distributed
two-dimensionally over a spreading area during the measurement
interval while ensuring that the size of the spreading area and the
volume of the 5reservoir are matched so that a liquid column is
maintained over the detection area. Also in this connection it is
advantageous when the reservoir has a depth between 50 and 150 gm, a
width between 50 and 150 gm and a length of more than 1 mm,
preferably about 2 mm. For a reliable detection while at the same
time limiting the required amount of sample it is also advantageous
when the detection area has a size 10 in the range of 0.1 mm2 to I
mm2. It is advantageous from the perspective of measurement
technology when the analyte-specific measurement signal is detected
within a period of 0 to 15 s after making the fluidic connection
between the collecting element and test element. In this connection
it is possible to determine the measurement interval as being when 15
the change in the measurement signal per unit of time has reached a
predefined value. A particularly preferred embodiment provides that
the collecting element and test element are spaced apart as separate
components in an initial state i.e. are physically separated from one
another and that the fluidic connection can be made by reducing 20
the spacing while actively moving the collecting element and/or the
test element. This initial separation of the components also gives
rise to many advantages with regard to simplified manufacturing
methods and applications.   In order to take samples independently of
the test chemistry, it is advantageous when the fluid is taken up by
a lancing process and when the fluidic connection of 25the collecting
element to the test element is not made until after the lancing
process. 



- 4 - The reservoir is advantageously formed by a capillary
structure, in particular a linear capillary channel or capillary gap.
Furthermore, it is advantageous when the detection area is configured
as a dry chemistry layer in particular based on enzymes for a
photometric detection and when the collecting element is provided
with a 5hydrophilic coating at least in the area of the reservoir.
Advantages for use also result from the fact that the collecting
element and the test element can be separated again from one another
after the measurement interval for example for a separate disposal as
single use parts. This preferably takes place by means of the
transfer device which brings the initially separated components into
a 10 defined contact state for the measurement, which, however, is no
longer required after completion of the measurement. With regard to
the process the object stated above is achieved by the following
steps:      a fluidic connection is made between a collecting element
containing the body 15fluid in a reservoir and a test element
designed to detect an analyte in the body fluid,  an analyte-specific
measurement signal is detected on the test element during a
measurement interval, 



the test element is permanently brought into contact with the body
fluid 20located in the reservoir during the measurement interval so
that a column of liquid is maintained on the detection area of the
test element,  the test element and the collecting element are
separated from one another after the measurement interval.      The
invention is elucidated in more detail in the following on the basis
of an 25 embodiment example shown schematically in the drawing.  - 5
- Fig. 1 shows a diagnostic analytical system in a simplified
diagrammatic representation. Fig. 2 shows different relative
positions of a collecting element and of a test element of the
analytical system during the measurement process in cross- 5section.
Fig. 3 shows a measurement signal as a function of time; and Fig. 4
shows a measurement diagram of a comparative example. 



The analytical system 10 shown in fig. 1 comprises in the form of a
hand-held device for carrying out blood sugar tests, a carrier tape
12 with a plurality of 10collecting elements 14 for body fluid (blood
or tissue fluid) as well as a separate carrier tape 16 for storing a
corresponding number of test elements 18, a sample transfer device 20
and a detection unit 22. A collecting element 14 and a test element
18 can be provided each time for single use at a tape deflector 24 by
tape transport. The sample transfer device 20 is in this case
configured such that the 15 active test element 18 always remains
loaded with body fluid during a measurement interval. The carrier
tapes 12, 16 with the collecting elements 14 and test elements 18
respectively located thereon can be provided in the form of
respective tape cassettes so that they can be separately stored and
disposed of. Other forms of a separate 20 storage for example in a
stacked form are also conceivable. The separate arrangement enables
the collecting elements 14 to be sterilized independently of the test
elements 18 for example by means of energy-rich irradiation.
Moreover, a separate material-tight packaging can also guarantee
longer storage times without disadvantages to quality.  - 6 - The
collecting elements 14 can be designed to receive body fluid directly
on site. For this purpose the collecting elements 14 can each have a
tip 26 for a skin incision and a reservoir for receiving body fluid
in the form of a longitudinally semi-open capillary 28. It is
basically also possible to load the collecting elements indirectly 



5with the body fluid as intermediate carriers. The test elements 18
are provided as test fields with a dry chemistry layer 30 based on
enzymes for an optical glucose detection. The detection based on a
colour change can take place through transparent structures by means
of a photometric detection unit 22 as described for example in more
detail in EP-A 1760469. 10 Fig. 2 shows three different process
stages when using the collecting and test elements arranged in pairs.
In an initial state according to fig. 2a the collecting element 14 is
physically separated at a distance from the test element 18. The
capillary 28 is filled with body fluid 32. In order to facilitate the
uptake of fluid, it is possible to provide the surface 15of the
collecting element 14 with a hydrophilic coating 34 at least in the
area of the capillary 28. Typical dimensions of the capillary 28 for
the special purpose are about 120 pim in width b, about 801.tm in
depth t and about 2 mm in length. In a next step according to fig. 2b
the measurements are registered. For this purpose a fluidic
connection is made between the collecting element 14 and the test
element 2018 for a sample transfer by means of an actuator of the
transfer device 20 symbolized by the double arrow 36 in fig. 1 while
reducing the distance between them. This is carried out such that the
open side of the capillary 28 is placed on the dry chemistry layer 30
and the area loaded with body fluid 32 forms a detection area 38
having a surface area of about 0 2 mm2 for recording the photometric
25 measurements. The measurement takes place in the contact state of
the collecting element 14 on the rear side through the transparent
carrier tape 16. For this purpose  - 7 - 



the detection unit 22 has a light source 40 and a light receiver 42
in a reflectometric arrangement. The maintenance of the contact state
ensures that a liquid column 44 delimited by the capillary 28 is
maintained on the detection area 38 during the measurement 5
interval. The liquid column 44 is thus located in a space delimited
by the collecting element 14 above the wetted surface of the test
element 18. In this connection the dimensions of the capillary 28 are
selected such that the liquid column 44 does not fall below a minimum
height of about 50 pm at least over the area of the optically scanned
detection area 38. In this connection an adequate capillary volume as
a 10reservoir also takes into consideration the fact that the dry
chemistry layer 30 is provided with a spreading surface which
distributes the body fluid 32 two-dimensionally in a spreading area
46. As shown in fig. 2c, the transfer device 20 is also designed to
actively separate the collecting element 14 and the test element 18
again after the measurement by means 15of the actuator 36. This
enables them to be separately disposed of in accordance with the
initial situation. In the embodiment example shown this is carried
out in the form of separate tapes 12, 16 which considerably simplify
re-storage. The user can thus insert consumables into the device 10
which enable a plurality of tests to be carried out without
complicated handling. 20 Fig. 3 shows the time course of a signal
recorded by means of the detection unit 22. The measurement interval
includes at least one such time window in which it is possible to
observe a signal time course based on a reaction of the analyte
(glucose). This can be carried out with the aim of analyzing the
reaction kinetics or to directly determine a concentration value.
25The detection is based on a colour change of the detection area 38
due to the analyte-specific reaction which is recorded as a grey
value time course AT in  



- 8 - reflectance. Whereas initially a blank value or zero value is
observed in the separated state, an analyte-specific decrease in the
signal occurs upon contact according to fig. 2b which finally
approaches a characteristic end value for the glucose concentration.
The duration of the measurement interval in which the
5analyte-specific signal is recorded, can be defined by a predefined
threshold value for the signal change per unit of time. For example
the measurement could be discontinued when the signal changes by less
than 3 % per second. The duration of the measurement is then usually
less than 8 s. In a comparative experiment measurements were carried
out with a contact of long 10 duration according to the invention
between the collecting element and test element and measurements were
carried out with a short time contact (about 1 s) after filling the
capillary with test fluid of various glucose concentrations. Fig. 4
shows the scattering of the experimental results in the form of the
coefficients of variation of the glucose concentration. This shows
that there is a significantly lower mean 15variation of 4.2 % for the
long lasting contact compared to a mean variation of 7 % for the
short time contact. Hence, the reaction processes proceed more
reproducibly due to maintenance of the liquid column 32. A
comparatively large minimum height of the liquid layer ensures that
diffusion processes proceed substantially independently of the layer
height whereas in the case of a short time contact quasi in 20 the
form of slapping the fluid on the dry chemistry layer 30 there may be
local variations in the processes.  



-9- Claims 1. System for analyzing a body fluid comprising  a
collecting element (14) which receives the body fluid (32) in a
reservoir (28), a test element (18) designed to detect an analyte in
the body fluid (32), a transfer device (20) for making a fluidic
connection between the collecting element (14) and the test element
(18), and a detection unit (22) which detects an analyte-specific
measurement signal on the test element (18) during a measurement
interval, characterized in that  the transfer device (20) pennanently
brings the test element (18) into contact with the body fluid (32)
located in the reservoir (28) during the measurement interval so that
a liquid column (44) is maintained on a detection area (38) of the
test element (18), wherein the liquid volume of the reservoir (28) is
defined such that the liquid column (44) over the detection area (38)
does not fall below a minimum height for the duration of the
measurement interval, and the transfer device (20) is configured to
physically separate the test element (18) and the collecting element
(14) from one another after the measurement interval.  -10- 



2. System according to claim 1, characterized in that the minimum
height of the liquid column (44) is more than 10 gm, preferably more
than 50 pm. 3. System according to one of the claims 1 to 2,
characterized in that the test element (18) is designed to distribute
the body fluid (32) two-dimensionally over a spreading area (46)
during the measurement interval, and that the size of the spreading
area (46) and the volume of the reservoir (28) are matched in such a
manner that a liquid column (44) is maintained over the detection
area (38) during the measurement interval. 4. System according to one
of the claims Ito 3, characterized in that the reservoir (28) has a
depth between 50 and 150 pm, a width between 50 and 150 pm and a
length of more than 1 mm, preferably about 2 nun. 5. System according
to one of the claims 1 to 4, characterized in that the detection area
(38) has a size in the range of 0.1 mm2 to I nun2 6. System according
to one of the claims Ito 5, characterized in that the
analyte-specific measurement signal is detected within a period of 0
to 15 s after making the fluidic connection between the collecting
element and test element (14, 18). 7. System according to one of the
claims 1 to 6, characterized in that the end of the measurement
interval is determined as being when the change in the measurement
signal per unit of time has reached a predefined value. 8. System
according to one of the claims 1 to 7, characterized in that the
collecting element (14) and test element (18) are spaced apart as
separate components in an initial state and that the fluidic
connection cam be made  while actively moving the collecting element
(14) and/or the test element (18). 9. System according to one of the
claims 1 to 8, characterized in that the fluid is taken up by a
lancing process and that the fluidic connection of the collecting
element (14) to the test element (18) is not made until after the
lancing process. 10. System according to one of the claims Ito 9,
characterized in that the reservoir (28) is formed by a capillary
structure, in particular a linear capillary channel or capillary gap
which is preferably open on one side. 11. System according to one of
the claims 1 to 10, characterized in that the detection area (38) is
formed by a dry chemistry layer (30) in particular based on enzymes
for a photometric detection. 12. System according to one of the
claims 1 to 11, characterized in that the collecting element (14) and
the test element (18) can be separated again from one another after
the measurement interval preferably by means of the 



transfer device (20). 13. Method for analyzing a body fluid in which
a) a fluidic connection is made between a collecting element (14)
containing the body fluid (32) in a reservoir (28) and a test element
(18) designed to detect an analyte in the body fluid (32),  - 12 - b)
an analyte-specific measurement signal is detected on the test
element (18) during a measurement interval, characterized in that c)
the test element (18) is permanently brought into contact with the
body fluid (32) located in the reservoir (28) during the measurement
interval so that a column of liquid (44) is maintained on a detection
area (38) of the test element (18), d) wherein the liquid volume of
the reservoir (28) is defined such that the liquid column (44) over
the detection area (38) does not fall below a minimum height for the
duration of the measurement interval, and e) the test element (18)
and the 'collecting element (14) are separated from one another after
the measurement interval. 


