Sensor system for determ ning the glucose
concentration in blood Description 5 The
subject-matter of the invention is the neasurenent of
bl ood sugar by nmeans of an inplantable sensor.
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Known in the art is a transcutaneous system with an implantable sensor having a
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A first preferred embodiment of the sensor system according to the invention is
characterized in that the viscosity is measured on the basis of the osciilatory behaviour
of an oscillating element which is disposed in the sensor and can be excited to oscillate
by an oscillating magnetic field. The oscillatory behaviour of the oscillating element is



anal ysed on the basis of its decay behavi our follow ng
swtch-off of the magnet, the oscillating el enent
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Figs. 1,2 | each show a perspective representation of a first exemplary
embodiment of the partially open sensor of a sensor system
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Fig. 3 ‘ shows a cross section through the sensor of Figs. 1, 2;
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At each end, the reference element 28 carries a magnetic end portion 29 and 30, of
which the end portion 29 forms a magnetic coupling with the driving magnet 24 and with




7 two permanent nmagnets 31 projecting fromthe latter,
and the end portion 30 forns a magnetic coupling with
t he neasuring portion 21. Between the two magnetic end
portions 29 and 30, the reference elenent 28 carries a
further permanent magnet 32 whith is |ocated at the

| evel of an annul ar magnet 33 which is disposed in the
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both of which contain the same sensitive liquid having a high molecular weight. The



7 8 casing 27 having the reference elenent 28 is
sealed in an air-tight manner and the casing 34
havi ng the neasuring elenment 35 is sealed with the
sem perneabl e nenbrane 37, through which glucose can
penetrate into the nmeasuring charber. The nmagnetic
coupling between the reference el enent 28 (pernanent
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apmaEﬁatsl;:,qrgndtjge magnetic field exciting the nagnet 6
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nagaeirated, .ﬁdtw dnlextBridlendgnet entbut By h chﬁeﬁtfb@n megéd ifside the
the beng and, t he base su strate

ﬁ‘g:ﬁ'\%ﬁﬂ%\g{lﬁ% being passgd optwards qunfg tgedﬁzgd current coil,

aptﬂrda@ the skih Q:f ﬂ@]ﬁﬁéntl to tBE ué@rpdé%%nﬂ% s'an:l &Jrﬁﬁf €6l i® preferably
wi'se, a current. coil

exa'PP%%‘%ddmlﬁ regioa OlFth shaRer HhGigd)-2ln rden ta aﬁéura.aﬁ}@fg@t magnetic
| NfiinCieorh e EARINRBoilf-the magnet 6, the bending bar 8 and the base substrate 9

. are composed of magnetically soft material. The same applies to the sensor 1'
30 represented in Figures 5 and 6 in which, likewise, a current coil for excitation of the
driving magnet 24 could be disposed inside the casing 23.



Clainms 1. Sensor system for determ ning the glucose
concentration in blood, conprising an inplantable
sensor (1, 1') and a user device (B) associated with
the latter, 5 characterized in that the sensor (1, 1')
is in the formof an anpoul e whixh contains a
sensitive liquid and into which glucose can penetrate,
in that the viscosity of the Qrmhisigire consisting of
. the 'sensitive liquid and the glucose is neasured, and
in that the user device (B) consists of a portable
device worn externally on the skin, the neasurenent

gnd._ i tsewB byaélo ﬁél%\'sd&érﬁﬁniﬁ@mergbdldoed chiemtrgtion ineblacsk: comprising an
evi ce, . . nsor system accordi ng t

char ac‘f"!(?rl‘)?"ﬁ%me PENIOR AL 18t?é‘d\ﬂ ugendeYise @ as C;@a?gﬁh :ﬁ]ellatter,

st he F?&ia?a&ériileﬂ% Q%@'Eﬂé Sn@biy(1 tha\m& therfomi ofm amﬁoule which contains
oscillating elenment (8) which is disposed i.n,t . .
sensora e&ws'tyﬁd'qeﬁi@néén%m%u?Ct?ec?éeiﬂer‘%'{%%g) tig}the viscosity of the
0sci | |d|§“>d'tt§f8 colBigtiHRL dfénd sdtsHive Bquidans e gliyedsers measured, and in that
accordi n

gto daim2, characteri in.that th .
osci | | Hedser 15leyicRAB) eRnsisty St aporfabin 4vige oy gxgrmally on the skin, the
(8) i smapsbr¥ment & itdeaRasbs beihg cbstralied Broudtethaiseridevice (B).
follow ng switch-off of the nmagnet (6), the

1 o?_s Q:. Idl %%“3‘*‘?; sPdtemeIto tb mﬁ“‘ cg@r@et(rjeat¢mig taa4trm@ mietosity is
ie ich I.s neasure t user device. 4. . Ql
syst enMsasyed PR éhc-f basis 9fﬁ8¥ ogqll?a@rgi%ﬁga\ﬂongro? 3n oscﬁaetn% element (8)
~ char aciRich i£@ispdbet mithel Se@sorq3rand edn Tgexditedendscillate by an oscillating
additionally h geni zes the liquid in the sensor (1).

20 5. W@EReHic fidldt em according to O aim 4, :
characterized  in that the goscillating el .
pod © | SERSPT SR RBACCO S i ed CORFOHEE L Brbfpe Bhgitdor
1 5bﬁndi naerlmjuvz:ou(gI of thSQirQ]:&métirfgyéiémﬁmtqspie gdhlygact en tBIeatiassigB:;f its decay
characterized_in that the net S,..att ;
one of b oBnind Sytcire R RITAg 60 e ek e bent (6 et
causedgéeraiy 4 hdgRetidnelawhial ahessurédbylthelidpr déicel .
Sensor system according to Claim®6, characterized in

t Ihau; t t B@né‘tﬁis?_stmbi‘dmg‘ tio@titaler c(fm%imgg @'atJﬁha!belmibgd iarthat the
electro net i arra ne rovide n,. LUuser
devi ceoSqiing elaggens addiionaly nbmegrnizss the sk if e spaser (1

2055 B s SO SYSteR AR 50AM r ARG rOFBP Spdfating element

conpri g% positR@hieines &bthe m@inet (63 anabrdistpef abesding bar.
penetration by 30 glucose. 9. Sensor system according
t 0 sany Sefisorelstemeadzdrding 1o Gainch aharcictsrized th thyt the magnet (6) is

| asti t (3), ich is di in th ;
P e b o VR0 o S FRPERo0 B MR BRIR auses tocsct
- confi nbypg rdyhetit aetdd13)0l une, and which is designed as
a support for the oscillating elenent (8) and has an

2%l qngasensdraystefrbicconting totGisim 6, uhamcfeTiape ot thatthe aaic magnetic field
(13) is generated by an electromagnetic arrangement provided in the user device
(B) or by an electric coil provided in the sensor (1).

8. Sensor system according to any one of Claims 2 to 7, characterized in that the
sensor (1) comprises a semipermeable wall (2) which permits penetration by

30 glucose.

9. Sensor system according to any one of Claims 2 to 8, characterized by a plastic
part (3), which is disposed in the sensor (1), partially filling the latter and thus



(11) which is disposed on the magnet (6) and which is
provided for mxing the 1liquids together. 5 10.
Sensor system according to Claim?7, characterized in
that the said electromagnetic arrangenent includes
means for excitation of the magpgt (6) in the sensor
(1) and a magnetic-field sensor for the magnetic field

ge”eraéo‘ﬁﬂqugé’ theﬂmT i JHIE anc hicrr i HR8iE néd’§§§'§h9|§&f)fo€"tl’fégnscillating

to d Yeri ze e sai d neans and
10 t heelement (B}agmﬂahaecarf elohghted herer(Sipipswiyeh therePioiggiican  arm
(12) foRmixing th
i ot opy GLZER e qisrkisbg SHhe net16) ariciR s Spalase R mixing the
Sensorlquisttegatbercordl ng to aim1l, char act erized in
that the viscosity is mneasured on the basis of t g
5r ot @t | Sensof systernascording te Ciaim T chaagtelzaddn thad the sai
di spo t(6

P Vﬁ%@t*&ﬂr}a&ﬁ%{ué?ﬁ%@ ni%'lt?ncﬁﬂgs W@a E‘f&%ﬂcu%oﬁbf N‘\%ﬁn@,}he (6) in

a dri ew se |sose inth
sensorthgl’ $ens3:B(ﬂsadwnamip@mdaﬁ@@a@rdpfr@emgeﬁﬁ? fﬁ'iﬁe"erated by
chara I_Eégq%lnthat the rotation of the neasuring
elenen I's anal ysed on the basis of its decay

ET.V'§ s0 8 Qﬁﬁ"a@gordﬁ b el qlo, %ar&&@nﬂd‘ i 'tl"in tHER&H @ eans and
(24). . sor syste accordl hg to aim1

10char acthe rsiaipledag neticHigtd seneorseonsist of(a1magr3,et @Tz)émg@ coil (14) exciting the

two-stage 38@3?5%&{:&&9&??%@%0 &ﬁéﬂ%%édllo(%)( 20)

and a neasuring por ad portion (20)

Coq al §é@i§;§erqrdc¥bﬂ B LS 1 2Adratldfzdd iR tHﬁQﬁé’Olbé&lty is

porTion he measuri ng el enen g
and t hmedsured oy theabasis of(tlae,yotatm.qi@ rae%sfyaggglem?ny 5) which is

casi Ngg6@ded i thefsen 8r ﬁaﬁﬂé@ﬁdﬂe&inﬂ%rﬂéﬁ by laGlifivihg ridgnet (24)

Sensor system accor alm 14, characterized in
15 hat phk&wlsﬁaﬂsmd/@”etﬁ\etﬂﬁamf%)head portion (20) and

the measuring portion (21) is a reference h
(248, Sengonisysiemtascorgingde Glaim }g@phargﬁtgnz%lpélp\at ‘the rotation of the

conpri gese d; | hffé‘ﬂ&ﬁt (6387 aﬁé\g%ed oh the a8 of Agaédtstbehaviour following

['iquid an es a rotat mount ed reference
el emenswitcheyff ofittie drieng seignets@Aki tive |iquid. 16.

Sensor system according to either of Clains 14 or "
chddacBensor system adeandingte Gamhthghparterizad ipaogt f%ae'ﬁ?é (1) isofa

2(1®as UT{WI’EQS Fgé Ebr?@?ru%gé% RaSaHRalb gl ;%3@20 %H'aﬁﬂbaétﬁihﬁl portion
t he port| on bei ng (%rea
t han tb’dﬂ tbé hea@pmaemomgntpwtg thé drlvlgqpﬁagmet 4) ard the measuring
Sensor t (24
o PO ED REF A ol Clehine s Mo gring et 22
the f obamgf:hsaowdﬂncmcta@mwaa)e soaatp be slnlnléed egainst llqwd
reference elenment (28) and the neasuring el emen & 2)
ar d5de Segrnr$ysiemeaasnrping:ie ngm ‘Ht eharacterized in that prow ed between the

25 head portion (20) and the measuring portion (21) is a reference portlon (22),
joining the latter two portions, which comprises a chamber (27) that is sealed
against liquid and includes a rotatably mounted reference element (28) and the

said sensitive liquid.

16. Sensor system according to either of Claims 14 or 15, characterized in that the
30 head portion (20} and the measuring portion (21) are each of a cylindrical form, the
diameter of the head portion (20) being greater than that of the measuring portion
21).

10



18. Sensor system according to Caim17, characterized
in that the neasuring portion 5 (21) is designed as
an el ongat ed casing (34) which conprises w ndowtype
openings (36) and is lined on the inside with a

sem perneable film (37) which peérmts penetration by
gl ucose. 19. Sensor system according to C aim18,

chay aCSSﬁéo? %?stém a‘cB@rfdedlS Glélh't‘é'ﬂ&@hn&&@n aiara&téﬁﬁeddﬁlthdh the reference
caused to rotate (F:metlc i el

gener aP@HOB {22 hag U‘eefPEEP B HHpFAted E°'1§r F‘% @éH@H{‘e reference element

provi deg) bAd EH&%Héﬁfnng QInteht (3B) arefesigrRaRrelSyateitylinders.
according to Caim19, characterized 1 n that the

measlur YN lsgﬁEMtacc(ﬁﬁ')g to TI&H VE BhathdteRBGTA A the measuring portion
coupl i '

n bet ween_the driving ma
X 24) af?g)twswe@ér%l@'@]g@masmé Olb S faow-type

refer eﬁﬁéhlrﬁjse(@gﬁénd l%%ﬁéd éﬁ‘ %élhﬁdé@ﬁﬁ digeRfibe?m@BBIBHim (37) which
(35), respectively. . Sensor system according to

Claim e%rmlf@rpsnafé@t@nl%qjuqqﬁet hat the nagnetic coupl i ng
(30, 38) between the reference el enent 821 r)[q 8 ¢
rreégur ﬁﬂ@%ﬁﬁfﬁmaces@)nq tg Glaim %eﬂafa%@r%%i gt the,driving magne
nMeasur (229 c8h Beealisedda rotafef t8cd ﬁa@ﬁét@'f@lﬂ:l WitIR1s geherbd by an
to a certain critical rotatignal fre nC%’ 2@
10sensor elgglEerapgnatic grrangpmeny pegvged in the tc& %ed in
3 S S b S, € B8t Bl e ctrn

det er n{axgeh drﬁt@ﬁ\b% mh@eeti@rcbhplmgb (zsptaat 3®138) bétmeau manwng
excl usively viscosity of the sensitive

in t hem@aawﬁa% awre S¥tanEe Floriant (B apdpetweRn é@%{ﬁﬁce clement

bel ow {188 afd i mahsdring AdneHil(35)! rRaptiigaty. by the
viscosity of the m xture consisting of sensitive

19 1 @4i dsepd sgétéﬁo‘ﬁ:%or‘d'hgttb@léiﬁﬁzm&hér%éﬂan.@éd ihRat the magnetic coupling
measuring_portion nsQr system accor

to C a3 89) qfwa%&eerﬂez%@%%m%@% apgithRMSASYTg Sleméh (35)is of

gl ucos Quch%%i‘gﬁﬁﬂhéﬂhé AibasWii g dlement 35y iR stRPledattatiBe only to a
tenperature, 1s detern ned on the basis of the two

vi scosFeRAIR gliticakroiational fEaedep®t ow the criti cal

rotatignal frequenc 11 . )
22. Sensor systgm accgrdlng to Claim 21, characterized in that, following switch-off of

20 the drive of the driving magnet (24), the decay of its rotation is determined, above
the critical rotational frequency, excl'usively by the viscosity of the sensitive liquid
inthe. chamber (27) of the reference portion (22} and, below the critical
rotational frequency, by the viscosity of the mixture consisting of sensitive liguid
and glucose in the casing (34) of the measuring porfion (21).

25 23. Sensor system according to Claim 22, characterized in that a value of the glucose
concentration, which is non-dependent on the temperature, is determined on the
basis of the two viscosity values above and below the critical rotational frequency.

11




