1 System for detection of an analyte in a body fluid 5Field of
the invention The invention relates to a systemfor detection of at

| east one analyte in a body fluid. Such systens are used, for
exanpl e, as portable detection devices or also in stationary devices,
in order in particular to pernmit qualitgtive or quantitative 10
determ nation of one or nore analytes in body fluids such as blood or
interstitial fluid. The analytes involved in particular are

nmet abolites. The detection of blood glucose is described belowin
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unit for analysis of a body fluid, conprising a nmeasuring appliance
based on the use of test strips, and a | ancet connected to the

measuring 30 Bpgtdrhnce. Moreover, systens are al so known in which the
generatiop;of a sanple and the collection of the sanple by a test

el ement are conbi ned. For exapple, E 992 283 .descr.i bes
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more test panels, with a test chemical that is specially designed for the detection of

the at least one analyte. For example, the test chemical can undergo one or more
detectable reactions or changes in the presence of the at least one analyte, which
25  reactions or changes can, for example, be detected physically and/or chemically.

Many such systems are known from the prior art. Thus, for example, US 7,252,804
B2 describes a measuring unit for analysis of a body fluid, comprising a measuring
appliance based on the use of test strips, and a lancet connected to the measuring

30 appliance. Moreover, systems are also known in which the generation of a sample
and the collection of the sample by a test element are combined. For example, EP 1
992 283 Al describes a pilercing system with lancets for generating a puncture
wound, and with sample-collecting devices for collecting a sample of body fluid.
Following a piercing movement, a sampling movement is performed, in which the

35 sample is collected. Similarly, EP 1 881 322 Al describes a portable measuring
system for analysis of a liquid sample, which system has a moisture-proof housing
with a housing interior atmosphere. The liquid sample can be applied to the at least
one test element within the housing interior atmosphere.



- 2 - I addition to-such systens in which a sanple is generated and
Is then transferred to the test elenent, systens exist in which the
generation of the sanple and the collection of the sanple are

i ntegrated. For exanple, this can be do using 5 suitable needles,
whi ch are designed wholly or partially & capillaries for collecting
the Iiquid sanple. By neans of these capillaries, the liquid sanple
can be transferred to a test elenent which, for exanple, can be
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afford the poswhiesintpdpflugste cessiderhlyi edicstthagrmme veleme of feagmples.
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volunmes of less than 1 um_‘can [1e in the 1 ntluefice of evaporation
and t he analysis equipment by the sample itself. A further reason for reducing the sample
volumes lies in the aim of producing integrated systems. This integration requires a
20  higher degree of functionality within the same space, such that the space available
for a lancet is generally reduced, and therefore also for the sample volume.
Moreover, these systems do not generally afford the possibility of actively
manipulating the perforated surface of the skin in order to increase the sample
volume ("milking"), such that integrated systems in most cases have to operate

25  with smaller sample volumes.

However, as has been discovered in the context of the present invention, a
difficuity in systems which operate with reduced sample volumes, for example
blood volumes of less than 1 pm, can lie in the influence of evaporation and the
30 associated at least partial drying of the sample. However, drying of the sample, for
example by evaporation of water, in turn results in an increased concentration of
the substances dissolved in the liquid sample, for example glucose. In such

samples, however, the raised concentrations measured are then inaccurate.

35  Evaporation effects of liquids have in general been widely examined and described
in numerous publications in the literature. Most studies refer to free-falling water
droplets or applied water droplets, not to liquids generally in depressions, which
can behave fundamentally differently than free droplets. The evaporation is
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samples with a volume of less than 0.5 pl be covered.

Many of the known approaches thus counter the problem of evaporation by
covering the capillaries, but in many cases this is almost impossible in practice or
25  is at least difficult to achieve. Particularly in the "get and measure" systems
described above, covering of the lancets, which are constructed as disposable
systems, can be realized only with considerable technical effort. In many cases,
therefore, evaporation from semi-open capillaries has to be considered. However,
such systems with a multiplicity of interfaces can be theoretically described only
30  with difficulty. Because of the abovementioned complex environmental conditions,
particularly as regards the temperature range and/or air humidity range and the
special convection conditions, it is in particular inadequate fo incorporate constant
correction factors into the calculation of a glucose concentration and/or of another
analyte concentration. In practice, it has been shown in particular that theoretical or
35  semi-empiric approaches to correcting the evaporation in many cases lead to

unrealistically low evaporation rates and, consequently, to erroneous corrections.

Object of the invention
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is also possible to detect a combination of several analytes.

The proposed system is designed to generate a sample of the body fluid and to

25  ftransfer it to at least one test element, in particular to a test panel. For the purpose
of generating the sample, the system can in particular comprise at least one lancet
for puncturing a skin part of a user. The term lancet is to be interpreted broadly and
in principle includes any desired element that can generate an incision and/or
puncture in the skin part. Moreover, the lancet and/or the system can comprise at

30 least one actuator, which is designed to effect a lancet movement of the element for
generating the incision and/or puncture for the purpose of generating the sample of
the body fluid.

The at least one test element can comprise, for example, at least one test panel. In
35  particular, the at least one test element, particularly the at least one test panel, can
comprise at least one test chemical which, in the presence of the at least one
analyte, changes at least one measurable property, for example a physically and/or

chemically measurable property. For example, this can be an electrochemically
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shape, such that the sample is transferred to the test element. The use of a capillary

is one possibility of moving the sample itself to the test element. Alternatively or

35 in addition, however, it is also possible to use mechanisms in which the test

element is moved in order to collect the sample. For example, the system can

comprise a mechanism in which the sample is initially generated on and/or in a

skin part and is then transferred to the test element by a movement of the test
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example, it is possible to use gaps with a gap width of 20 micrometers to 500

micrometers, preferably between 50 micrometers and 200 micrometers, and
particularly preferably of 100 micrometers. Said preferred conditions apply in
30 particular to systems of the type described above, but also generally to other
systems which are used for detection of at least one analyte in a body fluid and
which are designed to generate a sample of the body fluid and to transfer at least
some of it to at least one test element and in which at least one capillary is
provided for the transfer of the sample.
35
It has been shown that a filling speed of a capillary can be dependent on the
capillary length and/or capillary geometry. In particular, the filling speed of the
capillary, that is to say of the capillary section relevant to the measurement, can



5 less. rAlternatively to the capillary diameter, other dinensions
characterizing the width of the capillary cross section can al so be
used, for exanple, in the case of an opened capillary, particularly a
sem -open capillary, instead of the diangter also the |l ength of the
bottom surface plus twi ce the height of The capillary walls. 10In
order to accelerate the transfer, that is to say in order to shorten
the transfer déonase etponertiallpase finstior apitelcapijlaryriengthr. dseeyernin oidet toer

opened capt| |y SR FRE (A0 pufCilal pRARD Bl BmBR b Ao of
This can i nvoﬂ‘\‘/‘eﬁ]éql?ée &epiay clengir g pitel ‘Fa@‘u@%%ﬂﬁ‘&éﬂ tfhéellsei‘gﬁﬁl‘ b -
Coat |1 ggs Wi t hp@dfirabl PREY thaie 30) @9@1&&1@& 1tssrthm@urat@parh¢u1¢r@r;tre@tabm5 @ne
or nor WI

vdr oohi 1 1 5ar ot Hicaptivfid Sl OREl T amSRP St B Pyl shifesging the
derivatives; whitndfibe capillay Iclfoas eectich Gotajsb bsadéd, forsuihpls.uo dieaseof an
(DSS); pol yso?ﬁ&%@c ﬁ% %aﬁlgfaagénﬂfbgén c%am&xﬂ RsteRNb %k dm"n?eft&ra%ce

can be nmade, for exl_Egp Eur o application wt

appl i cati on nihghenst tletzbomm wmfacejpluwmélth%h%htPt}@waﬂ%ﬂr&waﬂs -887 355

Al. Alternatively or in 20 addition, however, hydrophilizing surface
treatnments can be carri dou for ophi li zj n

treat ment¥0 f @9 Vr‘p"iwé ELelrgon tapsfen rrémﬁ)seglt?% 50%!8 ?ﬁb r?ﬁ"lgb F‘?ISf?rhi s
way, the trantfeythefat idast aen@pilagg megaed] esd dif twhetiat ftyis alesighedr ast 2 dosedor

exanpl e since atp“?aqgg{ llseﬁlt ﬁtqﬁaes{ Bﬂﬁaﬁ)ﬁop’%ﬂ&f Eaﬁﬁllaﬁ}T N&n [ﬁﬁr@e&gﬁﬁ%ﬂe@’least

which is the enerat’ion Kin part
and the transfe hYdTOPhﬂéZ&Elé%t Thip zap|iByRbyR Ong O AT hyé@@ Pianeatiegs, {oe

test el enent, e;?a%ﬁ)lé)@o@ Q&ﬁﬂd&@rg&ﬂé/@dna&c &@QWHx%m RI megsaaﬁajl@ oﬂEM{"S
part of the transf can cons i st tﬁ i‘ n 1 g
PE11ing time BTG Ao tealslipyaBymspas gtk ie & RupliFEioRy frvde
time to the tpdyacejrlmntortpntyabryhhmd éﬁrtvanvassc}bndmgimtsulfatbp:hm@yitsad:mm

\ch;h t J; gﬁs ]? L?O 1fos£'cc ﬁieid%i;apofgggrb@éag%l'ﬁc !sﬁrfzftcﬁnﬁo %%Lc%a%gt ?&E\jeﬁé/ee
transfer concept Ise Iagleafprﬁ(@.replﬁ,dp itheeEgppesd @lﬂtepbﬁppllﬁﬁtloﬁ avithstbe appligation

capillary, t hﬁmﬁse%ta@dmtnarnﬁhqr of mmﬂ%w teEPq 439 336 M 1e\WeRmati I or fnOT
exanpl e, the s%/drs‘tem escrl\tbygwpgﬁve can_ be desi ned tg? gener.ate the

sanpl e on?® sRIHIU Hoxexer, &ingSurfacy rEptmy tf?’u‘f"’t“h geEd gpitg 9o
t hen nove t heetssgile kydeophiiizingpladmarecatmeritd) dor eaanpklmygnrmanm treatnsmsh a

way that the Lest gl o “%\kj,céﬁé el de (R B el ddfiSAIR) Beeldled,

can be done, Tor ex ani sm descrrb )
The sanpl e pi @quq@;amah smcedbmfxi»l@gwutlmﬁoar shogigppihe thS@uilmbWélcbésﬁlm

of t L he m?;: hani 't1r°n][€£1be!vféc§ erfgeﬁerw &@ﬁetsahBle%nSaad]Em ﬁ:rtﬁi‘nﬁ ‘fl&hotratnéﬂ’éﬁﬁ) thé REE
Wi Inatine o

| th 500
e par 11 €61 aFIPieRy oie A4t Bt OB S BN b RO S5 Sy
usi ng the st afedxhmplasTias, parnaShe st tiieeamicoitisn of i eolkiadretine and/or
preferred t] 1111511’gft{’rf'§l rmfsthe, cgeplf(ljazry,&ﬁg&{ﬁ% %}utfgr &y HQ g?raﬁ%grt%)‘ﬁ?eoﬁ tﬁ%{e?tn

effects and t a/
t he measur errenlemantcmﬁ&dbe latters isykrowght 1mtg|centa¢tc‘§§h tﬂFﬁa‘PlOa dn this way, for

conventi onal | yx 6 efik E&qm!fﬂolal:}ﬁ% 1B HAREL tiflRt BdserifArab6¥anpl e, in the
range of tol erance of 20% for exanple. In blood glucose neters,

tol eranced®of 20% are typically predefined at concentrations of over
100 mg/ di, whér saentsothichane edieofranifr 26hcems el anaalemptiedi@faddiéidn ethowusel 00

mg/dl. The da f"a@i ﬁla nt&aﬁﬁec}sﬁﬁﬁf Pﬂ&%gca?l%lﬁ%%@a%ﬁéaegf‘{&@t REex 'lé‘%e

within the to era nterv ternative on t
concept of acexstet d@sm'gedtafbevq paarbefdsepighednie, geaerate the sample on a skin surface

with the system being further designed to then move the test element relative to the
35  skin surface in such a way that the test element picks up all or some of the sample.
This can be done, for example, by means of the mechanism described above. The
sample pickup can be configured, for example by suitable design of the
mechanism, in such a way that this sample pickup takes place within a time of less



congept 4s further proposed in which the sanple volune is

del i berately influenced. 15 As has been expl ai ned above, sanple

vol umes of generally less than 1 pl are ainmed for in nodem bl ood

gl ucose neters. Surprisingly, in the confext of the tests described
in detail below, in which it was established that the evaporation is
considerably greater than would be assunmed fromthe literature, it
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have set in. Bfakenad lyingWithaf ihe RWlgasenigbealvol une is transferred to
the test elenent, although sone of it can remain in other parts of
the system for 35 exanple in a capillary. Therefore, the term sanple
volume is to Bétediavdlyguiis additibn donthe eortceptadt acotlenating thet ans&artphe 2

that is gener @&&@ tlé ﬁfrth@%?fﬂl?&s@dﬂi@ﬂi@h% saag{fe%mrﬁb i@ a&mawa ﬂﬁﬁiienc%ﬂ
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The. canpl e vor THaCthlCTae debe Tavar s eseulbull B3 M HAGHC S
sanpl e vol une considerably greater than would be assumed from the literature, it was nonetheless
discovered that this minimizing of the sample volumes can lead to serious
20 problems if there is no lower limit to the sample volumes. It was discovered in
particular that sample volumes of 10 nl or less have such considerable evaporation
effects that, in most cases, the measurement inaccuracy caused by the evaporation
exceeds the range that can be tolerated at least for blood glucose meters.

25  Therefore, according to a further aspect of the present invention, a system of the
kind described above is proposed in which the volume of the sample is less than
500 nl, particularly less than 400 nl, less than 300 nl, less than 200 nl or even less
than 100 nl, but still greater than 10 nl. The sample volume is preferably at least 12
nl.

30
In the context of the present invention, the sample volume generally designates the
volume of sample that is originally picked up by the system, that is to say before
evaporation effects have set in. Preferably all of this sample volume is transferred
to the test element, although some of it can remain in other parts of the system, for

35 example in a capillary. Therefore, the term sample volume is to be distinguished
from the total volume of the sample that is generated, for example blood on and/or
in a finger pad, an ear lobe, or a skin part in the arm area. Of this total volume of

the sample, only the sample volume is picked up by the system. The sample
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the described evaporation effects, a control of the sample volume is proposed

according to the invention. This ¢an be ensured, for example, by virtue of the fact
30 that the system is designed to detect an actual sample volume of the sample
collected by the system and/or of the sample transferred to the test element. As has
been indicated above, the sample volume is to be differentiated from the generated
sample volume, for example the volume of a droplet of blood on a skin surface.
The actual sample volume therefore represents an actual measured value of the
35 sample collected by the system and/or of the sample transferred to the test element.

The detection of the analyte can then take place, for example, taking into account
the actual sample volume. For example, one or more correction factors and/or
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puncturing procedure being influenced. This can take place in the context of a

single puncturing process or also in the context of multiple puncturing. In this

way, the preferred sample volume described above can be ensured in particular.

35 A third concept, which can once again also be applied in combination with one or
both of the concepts described above, and which is likewise based on a knowledge
of evaporation effects, is one in which the environmental conditions are

specifically taken into account and/or controlled. This idea is based on the
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interior of the housing are practically unchanged, with the result that changes in
35  these parameters have only a negligible influence on the evaporation rate or the
change in the evaporation rate. For example, variations of not more than 5% in the

evaporation rate can be tolerated.
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of other transfer concepts are also possible.

If at least one opening is provided, the latter can be closed, for example, by means
of a closure mechanism while the system is not being used for measurement. For
30 example, the opening can be closed by means of at least a slide, a flap, a flexible
sealing lip or similar, such that the opeming can be opened in order to carry out a
measurement. Altematively, however, it is also possible to provide openings which
remain opened during a rest phase in which no measurement is being carried out. It
is only during the measurement, when the opening is closed by the skin part, that
35  preferably substantially constant environmental conditions are ensured inside the

interior of the housing.
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such that a copstant alr an be assune the coursée of
t he nmeasu?®neglimingted. By means of the éncapsulation by the optional housmg, for example, a

convection and/or a change in the convection conditions during the measurement is

substantially avoided. Variations in the air humidity can also be eliminated.

Moreover, the system can also be designed to at least temporarily interrupt the
30  detection of the analyte when a predefined minimum humidity is not attained.
Thus, for example, the measurement can be discontinued and/or a warning can be
generated. For example, one or more humidity thresholds can be predefined, which
are compared with the actual measured value of the air humidity. For example, it is
possible to establish in this way that an evaporation resulting from too low an air
35  humidity would in fact be too great, and the associated influence of the detection of
the analyte would exceed a tolerance range. In this case, for example, a warning
can be output to a user to repeat the measurement at a later time and/or under
different environmental conditions. Altematively or in addition, a user can also be



Brigf description of .the figures - 17 - Further details and features
of the invention-will becone clear fromthe follow ng description of
preferred illustrative enbodi nents, particularly in conjunction with
t he dependent clains. The respective feg ures can be enbodi ed singly,
or several of themin conbination with dfié another. The invention is
not limted to the 5 illustrative enbodi nents. The illustrative
enmbodi nent s apemptedwior ssdneplettd bkiw gr puff thheigh iag wpersng inthethe iidetior of the

ref erence nu | I ch
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one anot her i HU§HOF m%hoqsﬁﬁﬁﬁd@&ﬁf&ﬂﬂeéﬁ%ca“% Figure 1 shows a
schematic il I ustrative enbodi nent of a system according to the
i nvention; &ﬁure 2 sho
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of a liquid; ps&ticularly mSIde the housing, during the generation of the sample and/or during
the transfer of the sample to the test element. In particular, this can be a parameter
that has an influence on the evaporation or the evaporation rate of the sample
and/or of constituents of the sample. For example, a pressure and/or a temperature
10  can be detected, for example a pressure in the interior of the housing and/or a
temperature of a test element and/or of the lancet and/or an air temperature, in
particular inside the housing. This at least one further parameter can likewise
preferably be taken into account in the detection of the analyte in the sample, for
example by suitable corrections, analogously to the above-described correction in
15  knowledge of the air humidity.

The proposed system, which for example can be designed wholly or partially as a
portable measuring appliance and/or as a stationary appliance, has many
advantages over known systems. Thus, by means of the concepts described above,
20  effects of evaporation can be influenced in a specific way (for example by
detection and/or control of the sample volume) and/or at least controlled to such an
extent that variations in these influences as a result of a change in environmental
conditions and/or in sampling conditions can be at least substantially eliminated.
For example, by means of the above-described detection of the actual volume of
25  the sample, an evaporation rate can be assumed, for example at the same time
taking account of a measured humidity in the interior of a housing. In this way, for
example, a correction of the measurement can be made which, for example, takes
into account the contribution of the evaporated sample. Such a correction can in
particular be carried out in a technically simple way if, as has been described
30 above, the complete procedure takes place in the interior of a housing that provides
a screening of the kind described. For example, a puncturing procedure and a
transfer of blood to the test element can take place entirely within the system, that
is to say in the housing interior, such that a constant air humidity can be assumed
during the course of the measurement.
35
Brief description of the figures




Figure 3 shows a neasurenent of a relative deviation of a neasured
gl ucose concentration fromthe nmean value as a function of the
duration of the tine interval between sanple collection and sanple
application; 20 Figure 4 shows typical filling tines of differently
coated capillaries; Figure 5 shows ext‘rlaﬁol ated data of an
evaporation time as a function of the relative air humdity in
percent; and Furthe? Getkilgandefdatrds afithe 6ieatiovwilibdcame cleanfiem thé folewalg

capillaries w r ' ' : ' Is : a
b1y Schonmp setilon R sRENANARG Y oS Tl MIerl 180Gk W
110 accor di ngtheclependentrplaims. The mesnectiie lsetuies sambe gmbodies $ingReora¥¢rgh e
ilgoa 30 body bt uieﬂlbidt !’:bn'iﬂﬁlﬁailtiiolﬂ Wl rotﬁé IaMSth& Mg fgiﬁﬁﬁﬂiiﬁfi@i&f&% 1%1_@1 Wﬁieem
conpri ses. supst a a l. ure-praoor,. nousi n , 1 C as
substant i af | yilReERYE cbedigents e iMptaivgEmepdim G Shavisheaiealy
114 whi ch, i ntieh@gurkd. uklentaal efererbodnbat  mhdwn indivddiad nfopear desygnate
accessible th . i Ng. ' | .
mocor ement ety SARRD AT bk BRI el b8 correspond
cl osed, for tooneanother in terms of their functions.

Q

10 Figurel shows a schematic illustrative embodiment of a system according to

the invention;

Figure2 shows a relationship, known from the literature, between an
evaporation rate and an opening surface area of a liquid;
15
Figure3 shows a measurement of a relative deviation of a measured glucose
concentration from the mean value as a function of the duration of
the time interval between sample collection and sample application;

20 Figure4 shows typical filling times of differently coated capillaries;

Figure 5 shows extrapolated data of an evaporation time as a function of the
relative air humidity in percent; and

25  Figures 6A and 6B show surface images of metal capillaries without roughening
and with roughening.

Figure 1 shows a highly schematic depiction of an illustrative embodiment of a
system 110 according to the invention for detection of at least one analyte in a

30 body fluid. In the illustrative embodiment shown, the system 110 comprises a
substantially moisture-proof housing 112, which has a substantially closed design.
The housing 112 comprises an interior 114 which, in the illustrative embodiment
shown, is temporarily accessible through an opening 116 in the housing 112 for a
measurement. The opening 116 can be designed such that it can be closed, for

35 example, by means of a slide (not shown in Figure 1), wherein a patient or some
other user can, in order to perform a measurement, open the slide using one finger
118.



35 exanple, by neans.of a slide (not shown in Figure 1), wherein a
patient or some other user can, in order to performa neasurenent,
open the slide using one finger 118. - 18 - A lancet 120 is arranged
in the interior 114 and is designed in ch a way that, when the
finger 118 is placed onto the opening Iig' with the finger 118 wholly
or at least partially closing the opening 116, the lancet 120
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128. element 128, in order to detect the at least one analyte in the sample 130 after

transfer to the test element 128.

It will be noted that the manner indicated in Figure 1 for transferring the sample

25 130 to the test element 128 or the test panel 129 is just one of several transfer
possibilities, which can also be realized in combination. For example, as has been
described above, and as is known from EP 1 992 283 Al or EP 1 881 322 Al for
example, a sample 130 can also be initially generated on the skin part 122 by
means of the lancet 120, after which this sample is retrieved, for example by a

30 suitable movement of the test element 128, from the skin part 122 and is
transferred to the test element 128.

The system 110 can further comprise a control 136. This control 136 can, for
example, be wholly or partially identical to the measuring device 134, but it can
35  also be designed separately from the latter and connected thereto, as is shown in
Figure 1. The control can further be connected to the actuator 124 and can regulate
the latter, for example. The control 136 can also, for example, comprise one or

more data processing devices, which are able to control the entire measurement



The, systtem 110 can further conprise a control 136. This control 136
can, for exanple; be wholly or partially identical to the neasuring
device 134, but it can 35 also be designed separately fromthe latter
and connected thereto, as is shown in Fi gure 1. The control can
further be connected to the actuator 1241 and can regulate the latter,

for exanple. The control 136 can al so, for exanple, conprise one or
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roughened in this way, in particular in order to be able to specifically set one of the

capillary channels. If information concerning the actual sample volume is obtained,

35 for example by means of the sensor 138, the control 136 can be designed in
particular to take account of this information when evaluating the measurement of
the at least one analyte.
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sensor 140, which can |ikew se be connected to the control 136 and
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in turn be designed to take this inforrm#ﬁoon on humdity into account
when eval uating the neasurenent. One or fiore further 5 sensors 142
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paraneter. 35The evaporation, that is to say the conversion of liquid
particles to tHe despdiedppugperation generally leads inevitably to an increase in the

concentration of all the dissolved analytes. This generaily causes a measurement

25  error, which is already caused by the sample collection on the transport path.
However, by knowing the rate of evaporation that is to be expected, the error to be
expected can at least be calculated. A problem here is, however, that the
functionality is intended to be ensured over as wide as possible a range of
temperature and function of the system 110. Therefore, a global correction, for

30 example of 5%, is not sufficient, because the evaporation effects can vary
considerably. If the aspiration of the sample 130 or the transfer always proceeds
sufficiently quickly, for example being completed within 1 s, at least the time
factor would not have to be taken into consideration as a variable parameter.

35  The evaporation, that is to say the conversion of liquid particles to the vapor phase
below the boiling point, is a diffusion-limited process which has been described in
different ways in the literature. The driving force of the evaporation is the

concentration gradient of the vapor pressure, for example of the water vapor
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the system 110, for example of the capillary 132, the geometries of individual parts
30  of the system 110, for example again of the capillary 132, or of other component
parts,

Figure 2 shows a relationship, known from the literature, between an evaporation
rate R, given in nl/s, and an opening surface area A, given in mm?, ina pyramid-
35  shaped, etched depression in silicon. The measurement shown is taken from Mayer
et al., 1997, Sens. Actuators A, 60, 202-207. The measurements were carried out
here with a sample volume of ca. 8 nl. The situation of these measurements is at

least approximately comparable to the evaporation from semi-open capillaries, for



| east approxi mately conparable to the evaporation from seni -open
capillaries, for.- 22 - exanple the capillary 132. The measurenents
in Fig. 2 were carried out in water, at a tenperature of 22C and a
relative air humdity of ca. 50% The g surement in Figure 2 shows
that the evaporation rate is at |east 5“&pproxi mately proportional to
the surface area A. The uppernost value in Figure 2 is from

m cr ocont ai negxgmpietthe gapgllary 432 TGk rocaguremertts imbigch wetmeastieteent & aiep
the surface a&t%@erﬁéerﬁ%%f@f@iﬁlasrelaﬂvé difhurhidRE 6 &, sepAMEl Y ca. 1 mmE.
From sai d publication by Mayer et al., it i1s possible to extrapol ate,
for flat lancets with a surface area of 1 mM®, evaporation rates of
ca. 0.5 nlis. Tl’rl]'&ezglﬁﬁtﬁérlﬁemlﬁmF@urd)D wedvay (Ha maué\dpckgetmvamnat &d ldast
ca. 200 s.. Wth the volume 0140n used 1n.t ure
Cof erence ¥ 1 ot ar g e B o ke H57 o Lp R TR i
evapor ati on, arftbm misredantaneshwithe surfacoefc®6d man’y whichgomes neagesp tq the

0. 3% that 'Ss&ﬁcé%aaofv@ﬁéﬁecﬂaﬁﬁéls ]31§ ﬂé?rléﬁclet@"vné}‘ érgad’aeq ogh? 1 Prdull &aid

est abl i shed neasurenent_ accuracy exanp % ucose
meters. |t cobHbdicatiparkyr Mager f’éxﬁe‘étp@éﬁﬂ?lﬁ é‘i’ne{‘%@@@t% iforeflaft lapests with a
references thairfabd@e®bPDhei?) SfapErvafDIablsiofba.iCss AlFs. Fhawrd, 100l of water

m crocapi]larie In order t erify these predictions fromthe

| i teraturJe @QPPF @@158?'38% 20 experinments on evaporation from
a capillary 132. These results are shown in Table 1. Droplet

Capi | lary Vol 4 et &lhime of ca. 90 to 140 nl vsed in the literature reference from Mayer et

al., this would correspond to an initial evaporation, and therefore change in

concentration, of ca. 0.2 to 0.3%, that is to say a value that is very low compared to
15  the established measurement accuracy, for example of blood glucose meters. it
could therefore be expected from these literature references that the problem of

evaporation is irrelevant in microcapillaries.

In order to verify these predictions from the literature, we carried out our own

20  experiments on evaporation from a capillary 132. These results are shown in Table
1.

Droplet Capillary
Volume Water Blood Water Blood
150 nl 0.6 ug/s 0.5 pg/s - -
50 nl 0.5 ug/s - 1.0 pg/s 1.0 pgfs

Table 1: Measurement results of actual evaporation rates

25  Evaporation rates in pg/s are shown here for water and for blood. As regards the
droplet, the application volume of blood was 500 nl, whereas the application
volume in the capillary was 250 nl. The rates, however, were each determined at
the values specified in the first column. Measurement results with an initial droplet
volume of 150 nl and 50 nl are shown, which results were achieved both on

30  droplets and also inside an opened capillary with a surface area of ca. 1 mm?,

Surprisingly, these results show that the evaporation is much greater than was to be
expected from the abovementioned literature. 1 pg corresponds to approximately 1
nl of water. The measurements were carried out at 22°C and at a slightly lower air



Bl opd Water Blood 150th 0.6 ggis 0.5 gg/s - - 50th 0.5 ggis 1.0 pgis
1.0 gg/s Table I.: Measurenent results of actual evaporation rates 25
Evaporation rates in ggis are shown here for water and for bl ood. As
regards the droplet, the application vol,yme of blood was 500 nl,
whereas the application volune in the ce? illary was 250 nl. The
rates, however, were each determned at the values specified in the
first col umm. hiveidgy thandmtherlderatures(400/@) Hlkerslightly fedhced madivanidifs bowevesf

150 nl and S50¢ithofleneid'Rbnsitl HP He8IH Elat G RGHRY 8 RBEHRedOhIues,
since, as tests have shown, the relative air humidity in this range, at a change of ca.
5%, can only influence the evaporation rate by a maximum of 20 to 30%. This is
5  clear, for example, from the graph in Figure 5, in which the evaporation time T in
minutes for a water droplet with 0.5 mm diameter is plotted as a function of the
relative air humidity H in %. This graph is also taken from Mayer et al., 1997,
Sens. Actuators A, 60, 202-207.

10  In the measurements shown in Table 1, the convection was minimized by using an
encapsulated balance. It is true that, in the measurement series shown in Table 1, a
capillary with an untypical length of 8 mm was used, such that the surface area
increases to ca. 1 mm’® and, therefore, the evaporation rate, in extrapolation of
Figure 2, increases to 0.6 nl/s. It could also be argued that an applied droplet of the

15  same volume (80 nl) has a surface area of 0.7 mm?, since only a half of the droplet
comes into contact with the environment. However, neither approach can in any
way explain the discrepancy between the literature-based expectation (ca. 0.6 nl/s)
and the measured values in Table 1, which are at evaporation rates of 1.0 nl/s.
According to the invention, it is therefore proposed that the influence of the

20  evaporation on the measurement results of the analyte determination, which
influence is difficult to predict and to control, be minimized by various measures
and/or be kept constant and therefore correctable and/or that this influence be
eliminated by suitable control measures or corrective measures.

25  One measure lies in the above-described encapsulation of the system 110 by the
housing 112, preferably a housing 112 designed independently of the lancet 120
and/or of the actuator 124, as a result of which the evaporation by convection is
minimized.

30  Another measure is to keep the time between the generation of the sample and the
application of the sample to the test element 128 very short, preferably less than 1
5.

Thus, Figure 3 shows relative measured deviations of a glucose concentration from
35 amean value of the measurement series (Cgiy-Cref)/Crer as a function of the time t in
seconds of the interval between generation of the sample and application of the
sample to the test element 128, that is to say as a function of the transfer time. The
tests were carried out by bringing a capillary 132 into contact with a sample 130



30dropl ets and al so i.nside an opened capillary with a surface area of
ca. 1 mR. Surpri-singly, these results show that the evaporation is
much greater than was to be expected fromthe abovenentioned
literature. 1 gg corresponds to approxigﬁtely 1 nl of water. The
measurenments were carried out at 22C and™at a slightly lower air - 23
- humidity than in the literature (45% . The slightly reduced air
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least one analyte in a body fluid and that use at least one capillary 132 for a sample
transfer, short capillaries 132 are generally preferred, irrespective of the design of

the rest of the system.,



10 .thetest elenent .128 should preferably be shorter than 1 s if
costly encapsul ation of the capillary 132 is to be avoi ded. Various
possi bl e ways of influencing this transfer tinme between the
generation of the sanple 130 and the co nact with the test el enent
128 have al ready been 15 di scussed above Figure 4 shows an exanpl e
of a possible way of influencing said transfer tinme, nanmely by

i nfluencing the surface properties of the capillary 132. Afilling

time t of a caping tlﬁarabov@d@set@mdgref@re@katﬁ&@m?eeﬁees fina1é c@ﬁnatrﬁen
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generally preferred, irrespective of the design of the rest of the
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nm Conver sel Y, it is SSi romthese neasurenent gl st.ance
d travel ed wi p}qﬁwrement us, for example, an actual sample volume can be detected by the

optical sensor 138. For example, the size of a spot of sample 130 transferred onto a
30  test panel 129 can be detected in this way. The measurement can then be corrected
to this actual sample volume, and an expected relative change in concentration
caused by evaporation can thus be calculated and comrected. For example, this
calculated value can be used to correct the measured value of the glucose
concentration.
35
Other parameters can also be used additionally or alternatively for these
corrections. For example, for such correction, a knowledge of the temperature, for

example measured by means of the sensor 142 and/or of the air humidity, for



a capill-ary 132, and.fromthe above-descri bed evaporation rates, to
draw 15 concl usi ons concerning a m ni nrum sanpl e volune that has to be
collected by the system 110 in order to keep the effects of
evaporation on the measurenent results tplerable. It is thus possible
to conclude, for exanple fromthe neasurenent results shown in 20
Figures 3 and 4 and in Table 1, that nore than 10 nl, preferably at
| east 12 nl, &rampeiesuied hymeeans of the senspre kb ean gdditignallinbecipelpéadainitish
rate of 2 nl/ galangte@viiyPisedforG@ddokeaion. Thd hinfdity bdiBoralio Q) feexampled
transfer time of 200 ns, the. error. c ntrlbﬁ#lted.ﬁ evggo‘%%itlo isto
Eraptas © T

be less than CHBPEY:A spamereially ayallaple nygomefery gh 48iY%n,
as has been expicabmbehn\kihpicabaeemeepansively into éhekysterh 186 hel pful i f
paranmetersc.that influence the evaporation and that nay vary can be
speci fi cal?y measured by sensors and taken into consideration in the
eval uati on of Anhengrapesakive reducimg the influpncesGavapaaticarondbe mehsusmesf ef

vol une can be ggelfaRtecbit¥nttalion, ORE dmd!th# €88 86 ih3BmeRl i@ angiéh Sfﬁsfé&
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For exanple, for 'such correction know edge of the tenperature, for
exanpl e measudERih 9y 1A 4Rsansta prh §§ﬁ rS0 um asiepd Rt 304"'}3‘511“1%{6%@ pm and a
hum dijél y, for lv\iidth?(ﬁ‘ 15206%1@0% el;iﬁr&a@hpmetﬂll by:loﬁma’:lfﬂd&zoﬁflmet hie S?ﬁ?:@raréaﬁﬁhd
can additipna eqdncluded in the cal cul ated val ue used for the
correctio%g Tﬁg%%ﬂﬁf%i$@p%%%§g?mfﬁﬁ'Sgﬁ& for exanple, conprise a
comerci ally avail abl e hygronmeter, which can be configured to save
space and can be inplenented i nexpensively into the system 110. S
Anot her proposal for reducing the influence of evaporation on the
measur enent of the anal yte concentration, and one that can be

i npl enented into a given system 110 according to the present
invention in addition to or as an alternative to the possibilities
descri bed above, can involve changing the geonetry of the capillaries



10 132. -For exanpl e, .an aspect ratio of these capillaries can be
changed, that is:to say a ratio between the width of the opening and
the depth of the capillary gap. For exanple, the capillary can be
made deeper instead of wider, that is g? say have a depth of 120 pm
and a width of only 80 gminstead of a gpth of 80 gmand a wi dth of
120 gm In this way, with a constant volune, the surface area and
15t herefore the evaporation rate are reduced. - 27 - List of

reference si gnftof refelehPe Si¥sd €M for detection of an analyte in a body
fluid 5112 housing interior 116 opening 118fi nger 120l ancet

10122skin part 124actuator 126 transfer device 128 test el enent
129t est panel 115 136tegafdpdeection of an analyte in a body fluid

5 112 housing
114  interior
116  opening
118  finger
120 lancet
10 122 skin part
124  actuator
126  transfer device
128  test element
129  test panel
15 130 sample
132 capillary
134  measuring device
136  control
138  optical sensor
20 140 Thumidity sensor

142 sensors for further parameters



132capillary 134 measuring device 136control 138optical sensor 20140
hum dity sensor 142 sensors for further paraneters - 28 - A system
(110) for detection of at |east one andByte in a body fluid, in
particular for detection of blood glucose, wherein the system (110)
is designed to generate a sanple (130) of the body fluid and to
transfer at ¢igpad sone of the sanple to at | east one test el enent
(128), in particular a test panel (129), wherein the system (110) is
desi gned such that a tine period between the generation of the sanple
(130) and the app isgasmani®pofdrhietdedsh oflaerient ofd 28)lyiesinl #%sdy Haid, Ins,

referably |l ess the 00. s, Syst as, cl.ai red in t .

Br ecedi ngycl ai m P\ﬁﬁ% 1gaf ngf rﬁlgtegegl} %\?@%)&ﬁ%ggede‘gﬁleglﬁgd osytg{réglnz‘flgr) The
sanpl e (130) to tdesgrakto gdremtni LIRS (13)) wEdbsbody fnid ord twowenséfr athe
fol | owi ng nechani : ' : . y
means of at Ieastléigglseor?gﬁfcg?as?%fg togléets}%agﬁgge %’?Pflgglgffé gg?»tllngg)%@: %lé‘rg
capi | lary (132), t¢sh pgaelt (188). ayheagin ghe syitem| (YO pedrstensdshel thay a(tme) |
in |oarticcult alr a !{p@ﬂ@@%elﬁﬂeﬁ@)ﬂlé’\@éﬂbr&f&l@@%%ﬁlmbﬁs(q?a@j ﬁ{fcéﬂl% aﬁam%)ﬁ;ontw
means of at |east, one necha Lin iC e.S e is firs
generated on a slih%tebtaﬁl?m%{ﬁzifgg]‘%lﬁ%ﬁﬁlgf‘q gﬁgﬁrﬁfﬁ@gp]lte&g é’ﬂ%%%?tg el ement
(128) byga novenent of the test elenment (128) relative to the skin
art and/or fot ) e 1 syst.emn ] I in
gf t he precé%ingqgféﬁggglQgégg%gpﬁgg%ﬁyﬁgdg%&%%%??gﬁ%ékﬁ%§§gyéP%§Q§
puncturing a ski {1[aris desigrmddprirankier wmainply (130) to Getteshskeient EQ8Y by

at | east one capi ) v rdni ar : t one capillary
(132) whol I'y or Biééra?%éﬁ%&%ﬁ?%%%?%ﬂlﬁwi én‘?%gﬁllélgfﬁé( 120), wherein the

test el ement (128), byAngsap of eleast onteapiliagy (8dhel (129), is whol Iy or
partial by integratedy MedResflanehi ofid ZAket (120) designed at least partially as a

capillary (132), in particular as a partially opened capillary (132), in

particular a lancet (120) with integrated test element (128);
- by means of at least one mechanism in which the sample (130) is first
generated on a skin part and is then transferred to the test element
20 (128) by a movement of the test element (128) relative to the skin part
and/or to the sample (130).

3. The system (110) as claimed in one of the preceding claims, comprising at
least one lancet (120) for puncturing a skin part, wherein the sample (130)
25 is transferred via at least one capillary (132), in particular at least one
capillary (132) wholly or partially integrated in the lancet (120), wherein
the test element (128), in particular the test panel (129), is wholly or
partially integrated in the lancet (120).

30 4 The system (110) as claimed in one of the preceding claims, wherein at
least one capillary (132) is provided for the transfer of the sample (130),
wherein the capillary (132) has at least one hydrophilization, in particular at
least one hydrophilic coating.

35 5. The system (110) for detection of at least one analyte in a body fluid, in
particular as claimed in one of the preceding claims, wherein the system
(110) is designed to generate a sample (130) of the body fluid and to
transfer at least some of the sample to at least one test element (128), in



The system (110) as clainmed in one of the preceding clains, wherein
at |east one capillary (132) is provided for the transfer of the
sanpl e (130), wherein the capillary (1282) -has at |east one
hydrophilization, in particular at |east one hydrophilic coating. The
system (110) for detection of at |east one analyte in a body fluid,

in parti ilﬂ)ar_ as i’tiﬁufﬁ?gtésﬂpﬁiw(@)tvbl@@ﬁ@ﬁ@dﬂt'@ﬂ%gélﬁllﬁw (13/31)@§gﬂongyl‘ebed
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and to transfer
el ement (128), i rof filla@8 capifanytlewgth s capillaey diapatee of [ed2@pn 10Mer ei n at
| east one capillary (132) is provided for the transfer of the sanple
(130), wherein the capillary é%32) has a ratio of fillable capillary
| ength to cdpil | dihg sybtametldp) tfr detsstion lvhnt leagt orBcarmhte gy 8 tbedy (hid)in
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as claimed in oné of the preceding clains, ereln stem (
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one test panel (129), erein th stem tllib ed such t
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the sanpbe vol uneolsnd efshd hanplb0030) is greaithehaydfen (hifjn dse eimploed

in the preceding e sanple volune is |ess than 300
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| ess than 100 nl. 8. The system(llO) as clainmed in one of the two
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the sanple (130) to the t el enen )f means_of one_or nore of
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(132); 1by nmeans @éfe@blyle@aharpmﬂﬂancet (120) designed at | east
partially as a capillary (132), in particular as a partially opened

capillary (132), in particular a lancet (120) with integrated test
el ement (128); byThesgssmofl18) aedharkdsimdne ofiihe twd heecsding chirgd 3d)er¢is
first generated the system (110) is designed to transfer the sample (130) to the test element
(128) by means of one or more of the following mechanisms:
20 - by means of at least one capillary (132);
- by means of at least one lancet (120) designed at least partially as a
capillary (132}, in particular as a partially opened capillary (132), in
particular a lancet (120) with integrated test element (128);
- by means of a mechanism in which the sample (130) is first generated
25 on a skin part and is then transferred to the test element (128) by a
movement of the test element (128) relative to the skin part and/or

relative to the sample (130).

5. The system (110) as claimed in one of the preceding claims, wherein the
30 system (110) is designed to detect an actual sample volume of the sample
(130) picked up by the system (110) and/or of the sample (130) transferred

to the test element (128).

10.  The system (110) as claimed in the preceding claim, wherein the system

35 (110) is further designed to detect the analyte taking into account the actual
sample volume, and wherein evaporation effects, dependent on sample

volume, and resulting changes in concentration are at least partially

compensated.
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up by the system (110) and/or of the sanpl e (130) transferred to the

test el errent 12 . T 110 as clainmed,in.th
Lol wher dit, e ey emnl1gR R 1R of o Togl, CheTE RO £ oBLEERE e
anal yte taklng |qmauahmawnmmtme1m©huaftmammbehmpbhna&\wmdmnhheeynmn

ti ff in
changes | n concent 1 F G SRER ko PaSBIPh SBla oy 3Fink B (18 ang go.
11. The 8yst em ( 1m0jtef gre stonpdetd ahleast ane tegademend 1aRaliy particnlan ajeddy

fluid, in particy,ad §59)ClibaRARL @yé?élﬁ(PlfO)HJ‘@esWn@&%ﬂh&@ct%ﬁ(”}étﬁé)durmo

mhereln the system (110) is designed géner ate a_sanple
the body fluid arfee ggerasionofag %’ﬁmﬁl%@%ﬁr&v@l dyying the dgaslenpfdhe sgpple

el enment (128), gm@r td end adst aldgsd EaBR! whéd®) zhevv@ﬁiahrum)elw&&}%m
(110) is designe

i st e dur t he eneratlon of th
Sampl e (130 andrsTes orfstech Mondlyte B e ing TdRN e huggs . g aen
test el eoent (128he sydiane(ldl) hes ay &tastnmofd bPyning (1 16)'; pesferdelyi grbatable

detect the anal yt er%%t(f‘#ﬁg ?ér@lixo &%gz‘d@tm(tp %@g%@kﬁlg T\ég}erﬁﬁcgr 9

the system (110) one
cl osabl e openi ng bepi®ed whiedy eir @aﬁlaﬁkumtl}@amemng:{l 5 thimﬁheakmmaﬁ at

part of a finger,c£a ax‘@i%ll?'cﬁﬁ@sdth%ehmo%1@)arahﬂavlzﬂe¥e1hﬂhé Bﬁn@@?'ﬂs(ﬁ)gls
(116), wherein the s ar oses peni ng

(116), and wher e.a@n%rﬁ@délalébsw&m(pfm)laqeé H@tafwéwatl@a <H6)t he skin part
pl aced np the openlng (116). 15 12. The system (110) as cl ai ned |n

th di th 110 d to effe
the benerat 1o o e CERAND (1 SUTHEhE trerteeahs St Ve a€ ey i
el enent (128) wi t(hiG) & d;astgat:énmeﬂebyﬂml gsechtivaus thg s(ain‘ng (13h eandi the
the system (110) éfaﬁﬁiﬁﬁ % Qfﬁf(?estt %&e%@#@?b%)h@itﬂl{ﬁnﬁ %@faﬁﬂa 1?' ({l‘%s%gtlm%lsing

housing (112).
precedi ng cl ai s, (Imepv@pif@m the system (110) is designed to detect the humidity within

20 the housing (112).

13. The system (110) as claimed in one of the two preceding claims, wherein
the system (110) is designed also to take a volume of the sample (130) into
account in the detection of the analyte.

25

14.  The system (110) as claimed in one of the three preceding claims, wherein
the system (110) is further designed to at least temporarily interrupt the
detection of the analyte and/or generate a warning when a predefined
minimum humidity is undershot.

30

15.  The system (110) for detection of at least one analyte in a body fluid as
claimed in one of the preceding claims, wherein the system (110) is
designed to generate a sample (130} of the body fluid and to transfer the
sample to at least one test element (128), in particular a test panel (129),

35 wherein the system (110) is designed to detect moisture during the
generation of the sample (130) and/or during the transfer of the sample
(130) to the test element (128), wherein the system (110) is further
designed to detect the analyte by taking into account the humidity, wherein



the system (110) is designed also to take a volune of the sanple
(130) into account in the detection of the analyte. 25 14. The system
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is further designed to detect at | east one further paranmeter, in
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test elenent (128), and preferably to take the at | east one further
paraneter into account 10in the detection of the analyte in the

sanpl e (130).



