- 1 - Systemand nethod for analyzing a body fluid Description The
i nvention concerns a systemor a device for analyzing a body fluid
conprising a collecting el enment which receives the fluid in a
reservoir, a test element designed to S5detect an analyte in the
fluid, a transfer device for making a fluidic connection between the
collecting elenent and the test elenent, and a detection unit which
detects an anal yte-specific neasurenent signal on the test el enent
during a nmeasurenent interval. The invention additionally concerns a
cor r espondi Aystameang methodrfer ppalyzing abodyflnidr system for bl ood sugar
tests is known from WO 2005/ 084530 in which an integrated conbi nation
of a collecting elenment with an anal ytical test zone is described in
whi ch aftergtep%i 9(1[1 ecting process, sanple transfer is intended to
t ake pl ace by ormation of a fluid-conducting channel. However, it
makes no reference to the boundary conditions for sanple transfer in
particul ar for conponents that are 15 physically separated from one
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- 2 - 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 1s proposed to
achieve this object. Advantageous embodiments and further developments of the

invention are derived from the dependent claims.



The invention is based on the realization that the success of a
measur enent depends decisively on the fact that the test el enent
essentially always remains |oaded with sanple fluid over the

measur enent period. Accordingly it is géoposed that the transfer
device permanently brings the test ele into contact with the body
fluid 5located in the reservoir during the neasurenent interval so
that a liquid colum is maintained on a detection area of the test
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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 um, preferably more than

50 um. 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
shoul d be designed such that the body fluid is distributed

t wo-di mensional |y over a spreading area,during the neasurenent
interval while ensuring that the size oP t he spreading area and the
vol une of the 5reservoir are matched so that a liquid colum is

mai nt ai ned over the detection area. Also in this connection it is
advant ageoudhoseshelementris basicadiyrlaigastban thepcmably defeetad Seteetinn arg0 lymden

wi dt h between 50.an 50 n1an re than 1 )
b e or anl v BBt 3 firdehefens e feb B sBv e P B ane Bk i3 g bogyguic
time limti Ewdlﬁtﬁﬁut%&%bfd%ﬁeﬁmﬁdﬁy oPér ass%%h'd%g' dred (ilr?HgStHe ﬁﬁ&ﬁiﬂ&ﬁ&ﬁous
when the detection area has a size 10 in the range of O. to |

me. It is admamlt\a@mmﬁng)thatﬂnesgsmg piwpmadmgfarmduh@ndnme of the
t echnol o when t he ana asurenent. signal . i s detected
Rl gy RN ol et S BRE S iif oo e e i P Rt b e o s

between the collecting el ement and test elenent. In this connection
it is possible to determ ne the neasurenent interval as being when 15
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test elenent. This initial separatlon of the conponents al so gives
ri se tolmanyﬂadwam3@§§§Imnfh)iegard to sinplified manufacturing
met hods and applications. In order to take sanpl es i ndependently of

the test chemstry, it is advantageous when the fluid is taken up by
a | ancing P e fluidic onnectlo
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process. 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

25  the collecting element to the test element 1s 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.
Furthernore, it is advantageous when the detection area is configured
as a dry chem stry layer in particular bhased on enzynes for a
photonetric detection and when the collecting elenent is provided

wi th a 5Shydrophilic coating at least in the area of the reservoir.
Advantages for use also result fromthe fact that the collecting
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the procgss,the abject. stated .above is.achi eved by the foll ow ng

st eps: 5 h&‘i}f’PIE}FéF‘&at%r‘?ﬁLG(?ftilﬁﬂjq ?e%ﬁgeﬁﬁfwggn a col l ecting el enent
containing the body 15fluid in a reservoir and a test el enment
designed to detect an analyte in the body fluid, an analyte-specific

nmeasur enent Agvgiages ifr 140 aR6 el taforh iR fathateh@ oMLt SIEleMBNtand the test
nmeasurenment interval, .
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
15 fluid 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
20 located 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 schematieally in the drawing.



the test elenment is permanently brought into contact with the body

fluid 20l ocated in the reservoir during the neasurenent interval so
that a colum of liquid is maintained on the detection area of the

test elenent, the test elenment and theccollecting el enent are

separated from one another after the measurenent interval. The
invention is elucidated in nore detail in the follow ng on the basis
of an 25 enbodi nent exanple shown schematically in the drawing. - 5

- Fig. 1 shbis laskiivesghdisgnastia ardlytiqat systosy st asmphifiad diaginimatiod

di agrammatic representation. Fig. 2 shows different relative
positions of a cOMEH Y el ement and of a test el ement of the

anal yti cal system during the neasurenent process in cross- 5section.
Fig. 3 shows a neasurenent signal as a function of tine; and Fig. 4

shows a neastiy enelitwsiffeeatielitive positipdy @ld ool eetia@diBent and of a test
element of the analytical system during the measurement process in cross-

5 section.
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

10  collecting 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
clement 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 clements 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.



The anal ytical system 10 shown in fig. 1 conprises in the formof a
hand- hel d device for carrying out blood sugar tests, a carrier tape
12 with a plurality of 10collecting elenents 14 for body fluid (bl ood
or tissue fluid) as well as a separatewﬁgrrier tape 16 for storing a
correspondi ng nunber of test elenents 18, a sanple transfer device 20
and a detection unit 22. A collecting elenent 14 and a test el enent
18 can be provided each tine for single use at a tape deflector 24 by

t ape transpdhe coligsting glepieatst 4nas be detignadde rowgivedory fuld dirasty on site.
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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
15  ofthe 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 um in width b, about 80 pm 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

20 18 for a sample transfer by means of an actuator of the transfer device 20
symbolized by the double arrow 36 in fig. I 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 mm? 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



5with the body fluid as internediate carriers. The test elenents 18
are provided as test fields with a dry chem stry | ayer 30 based on
enzynes for an optical glucose detection. The detection based on a
col our change can take place through transparent structures by neans
of a photonetric detection unit 22 as described for exanple in nore
detail in EP-A 1760469. 10 Fig. 2 shows three different process
stages when using the collecting and test el enments arranged in pairs.
In an initi diedetestien gaid 82 bpnhg ligh sopgge 404nd pdishbroceiven 4ging refediematici s
physical ly sega%gteg at a distance fromthe test elenent 18. The
capillary 28T E M ed with body fluid 32. In order to facilitate the
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collecting elenent 14 with a hydrophilic coating 34 at least in the
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25 nmeasurenents. The nmeasurenent takes place in the contact state of
the col l&ct rasgrveir@lreriakes anto sonsideratécar ths ifaé thah theudgh chéreistry layspt ient
carrier t apgro]x'flﬁded R 4 shplrgad[i)rlljgr BO88%e 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
15  of 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.

25  The 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 Al in



the detection unit 22 has a light source 40 and a |ight receiver 42
in areflectonmetric arrangenent. The mai ntenance of the contact state
ensures that a liquid colum 44 delimted by the capillary 28 is

mai nt ai ned on the detection area 38 during the nmeasurenent 5
interval. The liquid colum 44 is thus located in a space delimted
by the collecting elenent 14 above the wetted surface of the test
elenment 18. In this _connection the dinensions of the capillary 28 are
sel ected sudeflactpee.ibereasynitially g(blank valnessasroaiusrig ppsaseddsw the ni ni mum
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onplicated handling. 20 Fig. 3 shows the tinme course of a signal
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due to the anal yte-specific reaction which is recorded as a grey

val ue tinme &wtiedes afithg gxperimental results in the form of the coefficients of variation of
the glucose concentration. This shows that there is a significantly lower mean

15 varnation 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.



- 8 - reflectance. Wereas initially a blank value or zero value is
observed in the separated state, an anal yte-specific decrease in the
signal occurs upon contact according to fig. 2b which finally
approaches a characteristic end value_§or the glucose concentration.
The duration of the neasurenent interval in which the
5anal yte-specific signal is recorded, can be defined by a predefined
t hr eshol dcimisue for the signal change per unit of tinme. For exanple
t he neasurenment coul d be di sconti nued when the signal changes by | ess
than 3 % per second. The duration of the nmeasurenment is then usually
|l ess than 8 s. In a conparative experinent neasurenments were carried
out wwth a contact of long 10 duration according to the invention
bet ween thejcol | ' n est el enent and nmeasurements were
carri ed outlhﬁthggﬁgﬁgﬁﬁhﬁyﬁgé%gﬁﬁ%ﬁygfgﬁﬁ%ﬁn%.s) after filling the
capillary with test fluid of various glucose concentrations. Fig. 4
shows the scattering of the experinmental results in the formof the
coefficients of #eallegtitgiernént (1Y vglichoesstves diaray fatd O) in BRbsraRows
that there is a(?kgnificantly | ower mean 15variation of 4.2 %for the
| ong |l asting confatt conpared to a nean variation of 7 %for the
short tine contact. Hence, the reaction processes proceed nore
reproduci bly due to mai ntenance of the liquid colum 32. A
conparativel y | artgs efenrent{l8) tesigpbdl todetdchgn éﬂ'agw i th@%%’{y RABEpeS that
di ffusion processes proceed substantially independently of tfie | ayer
hei ght whereas in the case of a short tinme contact quasi in 20 the
form of slappin i 4 he dr hem stry | ayer 30 there may be
local vari a'? Ip ong t%aﬁ?ﬁe{]beé%c% ég@stére@?lgng a?lm%;c connection between the collecting Y
element (14) and the test element (18), and

a detection vnit (22) which detects an analyte-specific measurement signal

on the test element (18) during a measurement interval,

characterized in that
the transfer device (20) permanently 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.



-9- Cains 1. Systemfor analyzing a body fluid conprising a
collecting element (14) which receives the body fluid (32) in a
reservoir (28), a test elenent (18) designed to detect an analyte in
the body fluid (32), a transfer deviceg(20) for making a fluidic
connection between the collecting elenment (14) and the test el enent
(18), and a detection unit (22) which detects an anal yte-specific
measurenment signal on the test elenent (18) during a neasurenent
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 nmeasurenent interval so that

| d | 44 t d det 38) .of th
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does not fall hei ght for the duration of

measur enment interval and the transfer device (20) is configured to
physi cal ly separate the test el ement (18) and the collecting el enment
(14) from 8ne afiptdérepceprdies torame ofhgsinmpd i 2,icheractexized in thot 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 1 to 3, characterized in that the
reservoir (28) has a depth between 50 and 150 pm, a width between 50 and

150 i and a length of more than 1 mm, preferably about 2 mm.

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 mm?® to 1 1mn2.

6. System according to one of the claims 1 to 5, characterized in that the
analyte-specific measurement signal is detected within a period of 0 to 15 5
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 can be made



2. Systemaccording to claim1, characterized in that the m ni num

hei ght of the liquid colum (44) is nore than 10 gm preferably nore
than 50 pm 3. System according to one of the clains 1 to 2,
characterized in that the test el enenty,(18) is designed to distribute
the body fluid (32) two-dinensionally over a spreading area (46)
during the neasurenent interval, and that the size of the spreading
area (46) and the volune of the reservoir (28) are matched in such a
manner that a liquid colum (44) is maintained over the detection
area (38) during the neasurenent interval. 4. System according to one
of the clai ns | whil@activblymayimgythg edlecting dierert ie!) nader tioiest dR3nthas a
dept h bet ween 58 gnd 150 pm a width between 50 and 150 pm and a

| engt h of nore ﬁ n 1 mm preferably about 2 nun. 5. System according
to one of the clainms 1 to 4, characterized in that the detection area
(38) has a size in the range of 0.1 m® to | nun2 6. System according

to one of fhe chyterbadcbdir,to ohawBlié SlaindseiOtol 3) chdtdbtet D& in that the fluid
anal yt e-speci fic neasurenent, signal is detected within a period of 0

g 0 .
to 15 s after nfiE¥AYUR hya jangingprocessiene thet e Thidiraaneation oftiiel ect i ng
el ement and te ] of the
claims 1o 6 ehorageameid Sty el ol ol BRPRAL B B8 Ee,
interval is detlenamgmwdceas bei ng when the change in the neasurenent
signal per unit of time has reached a predefined value. 8. System
according to one of the clainms 1 to 7, characterized in that the
col l ectinggl e ( est. el enent 8), . are space rt as
separ at e clodr'arpon ALS aljcﬁargﬁ@?on%n}c‘i Oéclthes%ei%{ élatﬁé’ %%5?‘&?%%31‘1?3'?%& ©
connecti on camraervoid®s) inkirmed Bg b cagllaty BRYINGE, ih Beriedhd £6idang el enent
(14) and/or the test elenent (18). 9. System according to one of the
clains 1 to 8, cemﬁ?%{e anelor sapiflaiyigge Wiia 15 prgfegrbisonearenepidpy a
| anci ng process and that the fluidic connection of the collecting
element (14) to the test element (18) is not made until after the
| anci ng priaces SystdA ac@She o e dmt @ tO16 BhrdchRized & it 10 9
characterized in that the reservoir (28) is formed by a capillary
structure, in paestongren (38 is fosmad by aghi themistyiianen@0) rpadigiar| ary gap
which is prefe i de. .System according to one of
the clains 1 tggsl%g}sngﬁzi?ﬂaeg?%%@g h%ﬁj%#i?cn%‘e detection area (38) is
formed by a dry chem stry layer (30) in particular based on enzynes

for a phot d@et rd ction. 12.. System according to one of the
claims 1 to 11,85(%%&%%%0{%?% Eoe ei‘ﬁfﬂlerfi%‘mﬁﬂéf’&blchémcm'geéimﬂmnthe( 14) and

the test el emenblidcify cleammties)s8dALEH ' one anot her after
t he measurenment interval p?ef)erably by earr.%g{n 8% acn){yﬁéeparae agamn 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 (1 8)
designed to detect an analyte in the body fluid (32),



transfer device (20). 13. Method for analyzing a body fluid in which
a) a fluidic connection is nade between a collecting el ement (14)
containing the body fluid (32) in a reservoir (28) and a test el enent
(18) designed to detect an analyte in.{he body fluid (32), - 12 - b)
an anal yte-specific neasurenent signal is detected on the test
el ement (18) during a neasurenent interval, characterized in that c)
the test elenent (18) is permanently brought into contact wth the
body fluid (3 I b i i t r enent
interval so th taggg%ﬁﬁﬁﬁa%?nﬁﬁgﬁﬁﬁ&¥ﬁa§mééﬁﬁggﬁ@gﬁggﬁa%ﬁﬂgﬁggtection
area (38) of the (18turiat emeaturdiddy) inteyalpherein the Iiquid vol une of
the reservoir (28) is defined such that the liquid colum (44) over
the detection ar SBaYasterizadisthabs fal | bel ow a ni ni mum hei ght for the
duration of t f h (18)

g HRARY eﬁmﬂi(l?gfi?eeﬁ%en@g?g%m Hit?c&ﬁa%i whth @GRy

and the 'collecting el enent are s ed fromone another after
t he nmeasur enent fleide@@hlocated in the reservoir (28) during the measurement interval
so that a column of liguid (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

¢) the test element (18) and the tollecting element (14) are separated from

one another after the measurement interval.



