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System and a Method for Monitoring and Regul at um%mmnm,""I,"”l",m

Bl ood @ ucose Levels Description 5 The inven _
relates to a systemand a nethod for nonitoring anghiser

regul ating bl ood glucose ledels in the blood stream
accysiery andtheMptbadbfes MbnpadvenhgchainReduandingOBlood
An exanpl e of a systemfar nonitoring the blood 10
gl ucose level in the body19¥Eue D& patient is known
from EP O 461 207 Bl, which systemis directed to
detect, by rmeans of inplantable glucose-sensitive
IH&AGTF Rel9™s capabl e  of producing an el ectrical or
optic [ LA oLEeSRY o, t e
conce%ihre:ltiglgﬁéin{r:]g?ﬁe e |urr% ttﬁehagl %E’%r%lg%al a3y 3 grethod  for
opnidarigiggrald bygweyt Oig nehosd | gtatedeolitskde tthethe blood
[, vin cells..Because_of the required inplantati_on,
sglfgﬁagnel?%c%?%ln?egf s‘iﬁl?aBFgaF‘g&eﬁseoﬁ nPphEREnt&laims 1 and
liypi.ng on an intensive care unit. FromEP 1 185 321
Bl, an infusion systemhaving a 20 closed-Ioop .
cont r 617 cPFEMRL & orefi nfausisygtent | FioF | moaiteotisgrerthies blood
'gliﬁh%%,e ‘Mé%re@ N2 SS094q yélgghgb{;ktgr %ayﬂgntgli%c %%wn from
concentration and the sensor signal output by said
Spstemigéner®t eBla odniclol Bgstémgms\,\h\/\ﬁiﬁhctedgmﬂ @%tﬁct, by
rol ler. for_ ge at i conmands, whi ch_are forwarde
t?“%%asz?geﬁ“i“’vearlgwrs}% e%?g%?@?'?%?%%mi hiV¥RPscells capable
edntprelduerings én specifi€al or optical si?nal in response to
proportional -integral -differential controller. Any -~
VERUEE UE0EE FiHF STHE et @l 17yl Hleoseedéve) sthahedkrctrical and
] hayu ffect .gn_the ql ucose l.evel, wll b o
DR ad e pe L bl o P O R gl ge g, Living
dedles. BBCGaTise EF 1tH&8rd@hi Bdd dbepl aheat 8o8YSEABh cells are

. ; , . . and
gL%rgggltﬁslgﬁ?%kleg %Erdlgggenitns Bg.ltggngg Iln;iur?gly ognpuanrrl) intensive

care unit.

From EP 1 185 321 Bl, an infusion system having a
closed-loop control circuit for infusing a fluid in a
consumer 1is known, wherein a sensor system monitors the
glucose concentration and the sensor signal output by said
system generates a controller input which is used by a
controller for generating commands which are forwarded to a
delivery system, e.g. for insulin. This controller is a
specific proportional-integral-differential controller. Any
values exceeding the actual glucose 1levels, which might
have an effect on the glucose level, will be considered by
this syétem, if at all, only to a miﬁor-degree. ) |

The EP 1 458 435 Bl describes a system for dispensing
medicaments using an infusion pump and a controller
including an algorithm for controlling the delivery of
medicaments by the infusion pump. The controller includes a

plurality of medicament delivery profiles for delivering a
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including an algorithmfor controlling the delivery of

nmedi canents by the infusion punp. The controller

includes a plurality of medicanent delivery profiles

for delivering a 11111111 (111 VIIL VIIL ML VI

[ 1 *enOO2* 2 nmedi canent fromthe storage

contai ner. The controller shows a plurality of

suspend functions, wherein at |east one of the
mEdiaﬁmﬁytofrWUdmﬁﬂﬂﬁﬂDnﬁgd\ﬂﬂqtqﬁnﬁfl(ﬂhéﬁ@bﬁmmoller shows

e ] rarll spende It is possible '
? Eﬁ §€' Fﬂ %e? ??dpr§9 Pe F o cﬁﬂ?ﬁﬁﬁ?ngta 3y one of
nhdlcamamélhay beﬁsu&ﬁeﬁd%denMﬂ|d§1i¢§rﬁGQQﬁﬂflles may be
deliveré% rofil]e for delivering a_second nedi canent

EGREFAGESY PRY MBI ThEPendrdsi $ti dspRpssile for a

aieabiBat ieryolhrd rRld &dxt Xié)lflveqel 6}/9&( Ve PESE | h€§icament to
whilst the insulin , factor, i nfl uences th

§Puc6serraded, i shddmsi déhed., saemrocﬂebive:medupmfbhe for
ﬁélg@¥r9ﬁgs%itégbgnéo @1@% éﬁy é%%#%h&%‘ thlS respect

i ntensive-care Unit and nee Ferar f &8diny S s
hbe etedesied hepbacddcondiangtymbihet poesent a plurallty of

nyention i s based on t e 15 ohj ect ,of providi

ﬁfgﬁFXndeQé; f oF ﬁ%ﬁFtoﬁ aRgu é@m;ﬁ§$%?r' which
bh@@deﬁbé@oﬁﬂmieyEuéoé@ QeQEQOdzﬁirééﬂbldéfgﬁe'ﬁ control of
noni toring and regul ating |s§€055|ble also in the

Bgdecat 1PRe a1 oBaYstheaftbEaklpatiant al )l?antglecm ahying on an
n
hﬂE@H%hV’@ &ML 1'1'1[‘1]111; Qﬂgo%%:du% grtPFP?]ﬁgl feedi tngr is not

artificial feeding, ion o parane
désthebadt heicei.al nutrition which influence t he

gl ucoge _lLeve regard to the s thi s object

is ac |eve§1891yrreatﬁ € 0PRSS eallﬁfr m“pa’r%nt ac‘ileoﬁ% on the
dbjecth gfegpravi@ihfe a NBfdosm Budeangeeholh®or monitoring
features of patent claim10. 25 An essential point of

fRE i FREMFOHNTI 83199 t BAUrese LR¥EelBn syt bAPPEr stream,
WP@E QB'QQHERQM%QQ¥ ?%&”Qe ngglnﬁl%%93§o£§¥gié aﬂs% in the
etTo nts

stream oW ng conporie
case of the blood stream of a patient lying on an intensive

care unit and thus béing in need of artificial feeding, as
a function of the parameters of the artificial nutrition
which influence the glucose level

With regard to the system, this object is achieved by
means of the features of patent claim 1, with regard to the
method, by means of the features of patent claim 10.

An essential point of the invention lies  in the fact
that in a system for monitoring and regulating blood
glucose levels in a blood stream, the following components
are provided:

- an input unit for receiving at least one measured
blood glucose level present in the blood stream, at least
one insulin level so far supplied to the blood stream by

means of at least one insulin supply unit, and/or at least

-one nutritional value, if applicable, of artificial
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are provided: - an input unit for receiving at |east

one neasured 30 bl ood glucose |evel, present in the

bl ood stream at |least one insulin level so far

supplied to the blood streamby neans of at |east one

insulin supply unit, and/or at_ least .one nutritiona

value, if applicable, of .artificial 3 nutrition so

far supplied to the blood stream by neans of at |east

BRETARE PPt iSoh SAppsyPRhied toa tduw dulca@dioatmablm ftyr means of
I [ a cLasul lue.or a newinsulin rate

g%d?gégkaggﬁiggEP%Fgéﬂné%Pp;§hﬁ %?fional val ue as a

funct rore ofailtsleftfieat wnit hefdd oedlghuaesagl eyelewandnsulin

a_function_of the pod glucose |evel previously
ﬁéggﬁréﬂf &nd"TVant Bt ptit lﬁ%qe'fSPdouthttQRR}%qﬁPlﬁaN a new

hasylt hoMal uealuer alshes NEWwERSEhi B ake Attedt on the blood
applicable, a nutritional 10 val ue which may be
gggﬁ??%dl§yﬁlﬁna€ﬁtéﬁaﬁ dungtimremierdie blopd. glucose level

peLhoduatsondihBgr-tQ, t Regi nvention for nonitoring and
regulating blood glucose levels in a blood stream

conpr i s88 ouhputolndni Mgrstepputting sttar tﬂé\@dﬂﬁS‘JlB?ﬁtvalues
e trition supply unit fo direct or indirectly

ggpﬁ )l%i nﬂgewpr%a %‘rlgg?yrggcfei At al lknE}PPthBPlien_t @ thetritional

bibod shieanmay AR esuppll vy aviheasnt eoR@ Yt Idd 10N3krenteral

value of the preferably artificial nutrition froma
pPYr@tity of data 20 items transferred fromthe

nutriii @QBeBHAPLY cHRKE nEO tr, i nsferrin
nmeasur ed tk_3l ood }élcucgsrelbl géeltgl%grlgg}eerﬁﬁoﬁin %CLIS r@?%l()%orgng and
5egedatr ingt héoedngloroeri fevedlsculrata gl cod | ststdam comprises

u n insulin rate and, 25 if applicable, a
%@ ri ?%%gfn%a?ﬁ%pis a function of its effect on

bl ood- glamnseinevelts dedsas enéuntidOn idn t R&pply unit for
directly or indirectly supplying preferably artificial
nutrition into the blood stream,

- determining at least one nutritional value of the
preferably artificial nutrition from a plurality of data
items transferred from the nutrition supply unit to a
control unit, '

- transferring measured blood glucose levels present
in the blood stream to the control unit,

- calculating an insulin value or an insulin rate and,
if applicable, a nutritional wvalue as a function of its
effect on blood glucose levels and as a function of the
previously measured blood glucose level by means of a
calculation ﬁnit, and

- outputting, the calculated new insulin values or
insulin rate and, if applicable, the calculated new
nutritionél values by means of an output unit.

This means that data regarding nutritional values of a

parenteral and/or enteral feeding, Dblood glucose levels,
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previously neasured bl ood glucose |evel by nmeans of a
calculation unit, and - outputting, the cal cul ated new
insulin values or 30 insulin rate and, if applicable,

the cal cul ated new nutritional values by neans of an

out put unit. This neans that ‘$ta regar di ng

nutritional values of a parenteral and/or entera

feedlng bl ood gl ucose levels, 4 patient data such as
RBFYRETT PRt Yo aﬁdvvteﬁéhq kinfermatiorubhd Vileiebike, and
ﬂﬁMuD@n'W@Wﬁé§WQa§h%éxﬂ @thﬁQ&ﬂuﬁeaﬁalchgklon init as
As output data, insulin values or a new I'nsu

{RBUE] fBtaf ANe oNEPUtmsEtar, enmeTeyl anywaluedser 5a new insulin

sibilLity ck I S a licable,
%é??ltlghg| tgnﬁueéﬁgre%hutﬁﬁ%tby T%g?%ﬁﬁ%%P%tloﬁny glucose
phats19alltyu|c&felc}k thaltiese 0fd t hef nedpIMRAVNETeAL L $tional
seen as an %y tLtant output val ue and here a
5

Y?ﬁ%e?n?g?ngtPHF § g2h6llstiPAcEntife | ast

measurgpentui srpyetacablinel@ rused ﬂéké“ﬁghéhrcpent %F to be.

nmeasur enent does not take place within the cate

BERR PRt 8Py aAMPRETt WWiPWe WhbueedndSheirea asysireem interval
dpsHC % a S use

%gtPe%tgowﬁgqgre Sg%n@%nggﬁ %%%gng%ﬁg%ﬁf 3 18 %ﬁﬁferably

weeg. ohfamsuch & aheé%@cbm‘ﬁmt wilddsuhoany akies o lfceOWRIthin the

er-dosin he a nt .of insulin supplied
eve%o % Eé@e 1PE§EV? ofsﬁngggWé$9 Be ehertgA-uenci ng
f act 0$1.Sclbyat B stk farfd adudwit &l hb@ﬂo@luﬂﬁg’ %vgﬁﬁn%eously be
bl ood  stream of a person can evoke rapid reactio

PRedrVeER PrEdentS WHFé§ﬂﬁhd1ﬁh¥9therehomateﬁSMVEnﬂare unit
dfq agmn pi herede Mﬂ poyte En%% JREF%% S%ﬂ% Fﬂﬁg of over-

i nsuffiCient supp nutri
@allumd@a ddaﬁmgthoéateﬂmng hmpogtycaﬂhlclngguwdl<Ehpp11ed
connectlon it is to be consjdered that the

P?ﬁ”o Jpl Ped” T8t he Pat PereHR pardmetbes i kyencing
ﬂ‘[@tcﬁﬂé e\ba_,nt the thecDEoedasuUdalt+ 8VRIn & %1&%& N 2Be blood
articular the carbohydrate concentration of th
%&E??TI@ a person can evoke rapid reactions to incorrect
insulin rates and may therefore, if insulin is administered
without or with only an insufficient supply of nutrition at
the same time, fall into a life-threatening hypoglycaemic

condition. In this connection it is to be considered that

the nutrition supplied to the patient has parameters which

are relevant to the blood sugar level, such as in
particular the carbohydrate concentration of the nutrition
and the amount of carbohydrates continuously administered
in terms of carbohydrates per time unit (carbohydrate rate)
or as a bolus.

If such carbohydrate values are taken into account in
the calculation of a new insulin value, an interdependent
consideration of the nutritional values, the insulin values
and the blood glucose levels resulting therefrom will take

place, which may avoid any undesired reactions of the human
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and the anount of _ carbohydrates continuously _
admnistered in terns of carbohydrates per tine unit
(carbohydrate rate) or as a bolus. If such
carbohydrate values are taken into account in 30 the
cal cul ation of a new insulin value, an interdependent
consi deration of the nutritional values, the insulin

'values and the bl ood glucose | evels resultlng

PrEYefTONSWPEFaRaRE SHmmdd.edinteh ity Motﬂeargt?me time, the
re e 0 e 5 .body .to subs es _
gﬁggﬁ:ted&tl% ?::Hé Bﬁr el‘ésjglneg?n'%%etﬁgs rdunt“BR 1? e May be
gadatilenhedf atshen |fvsmld:thoﬁup|ﬁl e reE-digns G €l 24 edoaghether
hgu %blon of .the circunstance as to whether the

Uvah B8y 598 ubh oS BEPPECHe tPe PO fSF Wi 7 t NBRT haiPAghaving

Ehehgagedmuﬁlrﬂltdml véalees, &9 that aéhagaegegk%nt %o the
t he % pe.of the artificial nutrition supp

tHeet Phetbe agtidigisd, Wlﬁelqmrwmﬂmd \Mneel ttlee type of
hasehtRoMal Wes, ase cQ%EdiC%ug:m\ﬁti&q ehb 1 SJ%JIgbxlf%bues are

to carry out both enteral par ent eral ee
Bpimgarkyculatesy e takeposaiblaccoumiardy sseh Both enteral

System de%tggégocﬁeﬁat the artificial feeding is

susp n 48%n effect on the bl ood- gl ucose

| evel simheatagt ithatmadyhebenstdidh I atf M Ebcgﬁneev‘iﬁ/ such a
calculated as_a result of this neans that the

REGRET Ve  ef P& L i byt Br§ifs cdadpdirtdimmiis heuspended,

whithi chal deediFRgcrBY-Per ROMRERSS egluégse”i%tveao "IT"he fact
overreaction of the bl ood stream I'mTi nen

Bhahdvhat agevds nglurss ewi/al ues weMLyt aiedqmilmt@d las a result

e ng op,. for_examp
%nterruptlng?E% %gﬁareﬁ%gré?e%ﬁt%ﬁﬁew%ﬁ%?%§HMQi$sed by this
shspshsite sfipphy efrtiifsidlian E@écﬁr@ﬂﬁdf‘&?@ AmpdEsated, so
same insulin rate, there will be a risk

hpbgl R actT &r BRREES8N PhsuFR® obé@@@seStﬂhém due to any
ahhihd gt a&h§§§géﬂga§'@¥uge ci@%:{)' %dv%litue%mvpdl.l talBe place. In

continuously and in~a S-type manner an
SEpprred Oﬁnaaﬁeédu@maﬁﬁ@pnamuﬂ'exampheﬂnpmmméfmmﬁm1ng the

ﬂ£§¥ﬁ9g§éy or enteral feeding, whilst the supply of insulin
is continued at the same insulin rate, there will be a risk
of hypoglycaemia due to an insulin overdose.

The artificial feeding may be carried out both
continuously and in a bolus-type manner and may be supplied
in an automated manner as a response to the previously
calculated new nutritional values and/or new insulin values
or manually, by operating personnel reading the previously
calculated values from a .display device or specifying
values they generated themselves. The main priority however
is to determine insulin values or an insulin rate 6n the
basis of the values previously input into the calculation
unit with regard to nutrition and blood glucose.

Of course, the nutritional <values of supplied

nutrition may also Dbe modified independently from
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25 cal cul ated new nutritional val ues and/or new

.insulin values or manually, by operating personne

readi ng the previously calculated values froma

di spl ay device or specifying values they generated

t hensel ves. The main priority however is to determ ne
insulin values or an insulin rate on the 30 basis of

the values previously input into the calculation unit ‘
\fﬁffﬁuaé‘gséd W 4R r PRI ShCarkRR B Do iglarcokrdiGidealitge desired

thengdt ridte oRale Maliugs, ofrsupphigd r@%% éﬂiontﬂFy g&%%ficial

be nodified i ndependently from6 cal ated values o

-tfﬁf@d!éﬁ_@i sigf t@m Ih?ﬁill ‘J‘Ie@@aﬂd%ﬂ desi re_d _iﬂ_trmmtge '\(ﬁlue_ into the
-'Elétl%htl%@@onl Q11‘1td1|?:' S \51?18&?0{1'1 %:G%narctalu}cslﬁt%g%{ Hée'v]; ej?rqlsggin value

I's to be regarded as an input val ue
cal eulhati dmswdiitn, netecttd rbd us Mt PELISRS &n NEWEHBIBUKENUe under
ue .5_or ne ig;ugin rate to be _out put as an
uﬁg;F €

| .
§§9569e5§F&§n HSPHe FHICHF R &5 bl 0od gl ucose

| evel Théhe giutagddoaubbyt Jids a&F€ eeRBiAed 11 82 control

control unit having a transm ssion and reception

YALE. BRERNE oM FIISTHT$ieSpaanrd Comaatidrs umit. Such a
[ c i catd 1 i t,he, cal cul at.i_ on  uni t . .
e o Al LA 1 Vol o83t St s e e Communicat ion
wategrtdtee drad Irwl aoiwmnudévi dSpatike Cun)putAltetnaSively, both

connect ed &o th dis%I y.unit, which first and
PS?gﬁDQ?yi eu§8§eﬁaﬁ &%sﬁPaﬁiﬁgmmﬂy di%¥g of f newy

cal culratedoursit i Ryl uas a@@nnb%t@ﬁD'fSthﬁa.Eisplay' unit,
nutritional values and, if applicable, also for .
pRoGhdiEAgStapichd axamest e aisedpter udlsplayine Apdnreading

glra Lo SOHEENL M 2 Whighth ur bl @ L
gl ucose f%vels angﬁx? lﬁ%gﬁﬁ@bbﬁggﬁgﬁyéié%qré%dngﬁpllcable,
nutritional vwadluess aaddor ifevapphicdbhe yables af®r providing

[ t, into_the system Such a user 20 interface is_in
é?f&ckt‘e cgﬁﬁlﬁni%ﬁ%{?oﬁ% tHPYE ¢ HE Hpy 1Bont ol fogm tof a touch

vhireBni, SviaUMhedH tHehenlred BIbdd athdSse levels and, if
resgonsible for the control and exchange of data

2PRAsARPLEd faHm dpdgiredt mevwareuritiomlinvalues and/or new

insulin wvalues are input into the system. Such a wuser
interface is in direct communication with a therapy control
unit which is mounted in the control unit and is
responsible for the control and exchange of data
transmitted from and to the calculation unit.

The output unit is preferably coupled to the nutrition
supply unit and the insulin supply unit in cases where an
automated supply of insulin and artificial nutrition with
the newly calculated insulin Values and nutritional wvalues
is supposéd to be carried out.

According to a preferred embodiment, a polling signal
for polling the nutritional wvalues is transmitted from the
control unit to the nutrition supply unit at least at one
predeterminable point in time. This polling signal is used.

to communicate the polled nutritional values, for example



10

15

20

25

30

The output unit is preferably coupled to the nutrition

25 supply unit and the insulin supply unit in cases

where an automated supply of insulin and artificia
nutrition with the newy calculated insulin val ues

and nutritional values is supposed to be carried out.
According to a preferred enbodi nent, a polling signa

30 for polling the nutritional values is transmtted

£hem ewererontdedi Vg t@teheofutthe | Jnltm,lipqoilqn ur$iuppé,ty unit

%@??Eméht%e sDraedg ér,n Q%bel et o) ngf Uttt m?:pl(ﬁr} dwhlch means

I'ng S|gna t0 confimni cat &
nher i huonat ival uesdidanesxamihiclY id hadedimrietered and the

deI te of the nutrition su Iy u

AP R Bl as ST RS (R ShE L EP1 Chon Cof . unit to
gﬁaﬁie tie twit EhY bQNa BRIt hdhi gBe kS aa%fbéﬂ}ﬁﬁﬁéjte rate
and the carbohydrate concentration thereof, tot

a6nt 1td1e urReleVASE enaBEEiriopalcavadiugt-e S Wpsemiently, the
gg&fﬂoﬁ 9@5@@hy1di@éel%at§raﬁ§f%%ﬁe elt%va@ﬁen%arlc,tdloar{:alon unit

val ue. " Subsequently, the car ydrate rate 1s
tfpansfcahcedattartme tha¢ cuhawi omnmiltin f ovataksul atd ngthe new

thg .EMIIH ul ? val ues or the new nutritional val ues.
I8 FAste48 ot *tHESdi splay unit in the formof a touch

screemnasedasaf betdeahbiver1 i ghiat frhecsanecddf®of a touch
allows the _various data such as for exanple the
REASEFed Dl FBECT §PEE oSO WR-a BRiFlr flferthe same time allows

PALi el SNECT fheavalyes tQ beol NRYLm >ét fe ORRI AL ed blood

a separate input unit for inputting measur e
géhcabatédtbl@mdﬁynﬂhﬁﬂapaﬂmﬁntfﬂpﬁawflcunalmesnab be input

£8L 55, MR LHELRT POLSLGEROCL LS ALHES B s ene

msaéua&dan onputcaliilatdetanpbesocafl tdlscds€ levels and/or
conventi onal keyboards or operable cursor contro

HUGF 54080 h Va4 UePornch o Wit oo ot FRrBReTheic values such
88S Rd Al wealies &Qécgfa%%é'%%%saﬁaaﬁacglﬁﬁﬂdynaata may be
unit and which are rel evant for cal culating the new
ugedl! ias an input unit. Examples of this are conventional
keyboards or operable cursor control devices such as, for
example, a mouse. |

The essential values which are input via such an input
unit and which are relevant for calculating the new insulin
value or the new insulin rate and, if applicable, new
nutritional values, are the blood glucose value which may
be measured by means of a separate device in the blood
stream, for example of a patient, or outside of it, any
change to the artificial nutrition, which will result in a
desired modification of the nutritional wvalues, and/or a
change of the patient’s weight. The input of this data or
of these values will in any case result in-a calculation of
new insulin values or insulin rates and, if applicable, of
new nutritional wvalues, in order to obtain in this way an

adaptation of the blood stream to the modified data and a
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value or the newinsulin rate and, if applicable, new
nutritional values, are the bl ood gl ucose val ue which

nay 25 be nmeasured by neans of a separate device in

the blood stream for exanple of a patient, or

outside of it, any change t08the artificial

nutrition, which will result i'n a desired

nmodi fication of the nutritional values, and/or a_
ReMnGE ISR tRE thabf erfthes hRFgRECPTREenAputofof inkiud igatealues,
Bloxd §iutBgae1kalades wd !nﬁf‘r?@i’oﬁé‘fevé%a}%lst. 0¥ course, in
cal culation of new insulin values or insulin rates

el case appl Feabexampfle pedemumeid ichmalges adfleshe imutritional

t ainin this.way an .adaptation_of the ,
Yoﬁ(g‘g%ls s?’ngﬁ’n (5 a8y WS B¥a a1 gOPREREOE and which
edl] Usthent bef nidde | khewdependercasyitdmsulhn twdl U8Hut unit,
bl ood q{ucose | evel s and nutritional _values. O _
ur 8e,G%h TEHELEASBAGf ViPdMexitpl 8RAYdek| PEY dmsvddn value
wilihee e Tdt1 O0a4. val ues which may have been made by
an operator and which 5 wll then be nade known to the
syst P EIMe FApat anfferratbhtenbediment ri ehomdlarm unit is

t y ew | in value wdl be_.
%gﬁiﬁﬁéﬁedgﬂgccgpgrmf?%ygégreﬁggﬁéd &fSodi aRPatay and/or
ateuwst wally salerovndedni npehetoonthal uni tif adime to take a

visual ly and/o coustically alerti oper at or _
i PretpECreRE F (Re BLRGY AGERETCHEVS - ( BECH g8y alazm
@hitcongy | gvedb, SuchnaBaaianbh,UkirtigtRY Ars w1 mith the case
addition, trigger an alarmin the case of an unwanted

<t opnofinRE Li$5RP aPLf 861 R ok blebal f §pedépampnpcess for
S ;BPe agltl@c'%%' cal tgéhh$5§1 ’%laigurgn 2:113%1&1 RN ?%a%% may be
tridgered in the case of any undeSired changé o

i ggeren. in Thize unslesi o£daxhanmgésstoetihehfingdi 6§ hhatition.
will gause an.alg;n1to be trig

d_cap. b |
cat egbrf sBEFRLES |ﬁﬂ?n§ﬁ%f%?eggg§ Ca5P6§:tPﬁEr¥H%%/Cause

de anathdessr abd e tdiRfeRiredpt £8A Ae t RAHRRAINGd into three

rocess, which may be both an 20 enteral "and a .
it fERRFGLON t erFETTel yaY he Pate anf twrdesirable

ﬁ?ﬁ@fﬁhp@forpaggnttq{ealf£§§%§gp%¥egg,cmg§g'm& be both an

enteral and a parenteral feeding. Alternatively, the rate
of the enteral or parenteral feeding may be changed. A
third possibility would be a change in nutrition when a
disposable article of the nutrition supply unit is
replaced. '

An alarm is triggered in intervals of approximately
five minutes, preferably five minutes after a change of
nutrition, unless an input for calculating the new insulin
rate has been made into the control unit or the input unit
in the meantime.

An alarm indicating that it is time for the blood
glucose level to be taken may be carried out for example
aécording to the following procedure: a pre-alarm is raised

10 minutes prior to the actual due time of the next
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third possibility would be a change in nutrition when
a disposable article of the nutrition supply unit is
replaced. 25 An alarmis triggered in intervals of
approximately five mnutes, preferably five m nutes
after a change of nutrition, unless an input for
calculating the new insulin Fate has been made into

the control unit or the input unit in the nmeantine.

@ﬁﬁ%&r%m%?ﬁrlﬁm?%ﬂ?nanﬁéYaﬂtﬁ9¥tm%%s¥6?m?%%SbF80$@ taken
ghycese lrepeletfinde: t akenamawdR o roed ouly fiRfurs. such an
exanple according to the follow ng procedure: a

prarml| airanas mavsadsolbenimnbeds fpri dent oinhsesct ual

due.t f ot ext | interv

for rr%ggu?lerreﬁfrggt)é bnge? aEe éﬁge% dAl’}or{:Tgean‘pqou“c’atlc alarm
may ahpenofbd). bepedt ddups. g&ﬂﬂthmﬂ @maagasngnmhﬂﬁnwlll also
al so be nuted_ for ten g1nute - time a

TRES uPeRERt 3 Hue® PRk %Eo&&.r?:llaf%ﬁ%n aednréy e iRs . Here,

fepeated Qrosuttichadaon AR Be wliceaWrbh abs@inl@ks .

pl ace after another 10 m nutes and 20 m nutes. Here,

too, RhecHcAWst enarasm rayfBEChAred fagm 10s niemittéed, which
ﬁflégfuggs E;}lljé e%se@: f l&rt hSEOﬁ a{ﬂél Slr?éﬂf II‘?d I Chs:ane an
Instructs t user to sto e Insulin punp, ce an
aﬁtamabﬁatmodﬁxknhﬁ|leheavehéufygﬁﬁmnaadduHaa1nsu11n pump
[ t hus no er be auggn&tlcal

[ i
& Bhpet Tt Pie Loare (e | SUEGMREAGEA (RogpPbd. If che

@E@wtwﬁ tike ddrpodh@EdIcPsEhoheVRlkasulring rt@feea;slacsadtglucose
e to the manual node of the system The manua

fedeli niél Vs nanAsIaRy oper @hendsets &helsamedldosede of the
gééferfn‘?!f Thiae rﬁ%ﬁ% me8 b%n%‘iRJéSEdthﬂtEBQatag‘é%la%ora sets a

automatic swt de Wi th regard to an aut omat
seepdosagheransultpm pbepimayplbe tpr bei degplEed.t his

purp ther .is.a comunication Link het t he .

Ul PRt BORS AN Phe SPhe CREPDIS s SVORG PR pgrode  with
§f9§§§dCQifB rah whhtohsr epalesh t efcause thgulle@hM PahbOay be
provided. For this purpose there is a communication 1link

between the insulin pump and the Space Control, so that the

-Space Control will be enabled to cause the termination of

the insulin pump activity: Such an automatic stop mode may
be operated as a system which outputs a suggestion to stop
the insulin pump, and this system may be manually
overridden at any time by the physician or by a nurse who
does not want to follow the suggestion, in order to
subsequently return to an automatic mode.

If the process 1is continued not without but with a
blood glucose measurement, the operator will input a new
glucose value and will set the suggested insulin rate on
the insulin pump. Now the system will go back to the
automatic mode.

The method according to the invention for monitoring

and regulating blood glucose levels in a blood stream
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the insulin punp activity. Such an automatic stop node
may be operated as a system which outputs a
suggestion to stop the insulin punp, and this system
may be manually overridden at any tine by the
physician or by a nurse who 2p,does not want to follow
the suggestion, in order to subsequently return to an

t ti de. |If th ess | s continued not
R HuttHe © 855D Bbd SHALHAES nesunEagiy OPfie PuETition

DRSS BY OfuniW | EokNpsiipl PeMy  eose: val uenﬁ&thdri $@kto the
the suggested insulin rate on_30 the insulin punp.

Now
R}rrd ystemahi | FeEBrBARK B0 athd cagilt o intfuidelome value of
¢ hod 126¢91di;ng tﬁuEP?ti yentd o, fo a
regulating b Igb gl ucose ?evelggﬁ% agbl distrf%%w 8% data
tompsfeesed hgostepsoot reflarenilg, atreeaseroiagnuat i tiearst one
ni 0 | 09 ar |f| ci al utr|t| on_i

@%%g%%#g l%r%aﬁiﬁge T mi Wi hgC at =T easte one® o %unit ana
salciulaoned vahue iafsulire avkibeci andutriti oapgylaMadle, a
$Iurallt of data 5 transferred to a _control unit,

s EPHF hg VR Yseadf ohe fURSSATRdOBI obtE glafdess on blood
é?ﬁé@ééolé@§1§055805suﬁ'Eu%@@ldﬁmd%ﬂﬁﬂé'ﬂ& 6J§§§'$Easured
value and, if ap g i cabl e, nutritional ue as
Blerdi oletoses eevedt b bM@@@S gmdb0§elqa&ﬂuiaﬂmbms unit.

Lon the r y sured 0. bIood | ucase .
ﬁé%% %y negﬁg of%}(xﬂ ?atlgggum PSUNST eov 8 thgnd,  if

a@b Cik v bel, nesninsobloutaked amew i fnut&apﬂlldmal e,vaanyes are
calcul ated new nuiritional values are output by neans

DFERHE oK JURALHI PL FReCRBPehl BR&H- i nsulin val ues and,
i f apphd cabl euibhbed ihcalicH AiRkNULRELT 9Ral Al U8S 16, the

either be transferred in an autonmated manner to
%aimm%@r% BUppiyional aed usse mawteithen b@pp:llyan.ﬂﬁetrred in

: tQ.t | b
%%erg%ﬁ(%ga pegfr)ggnr?ﬁle ?: gS S‘%ng% S|1(£:]ia L%Jéjl YeolfiFnegnd the

nutrition supply unlt or may be 1nput 1nto the supply units
by the operating personnel and, if applicable, be
confirmed.

Both of the nutrition units are pumps, with the
nutrition supply wunit preferably being a pump for an
enteral nutrition supply and a pump for a parenteral
nutrition supply. |

In order to calculate the required insulin values and,
if applicable, nutritional values, a patient model is used
which takes into account in its calculation model wvarious
person-specific data items such as age, the insulin rate
administered so far, the body weight and further
parameters.

Further advantageous embodiments will become evident

from the dependent claims.
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20 Both of the nutrition units are punps, with the

nutrition supply unit preferably being a punp for an

enteral nutrition supply and a.punp for a parentera
nutrition supply. In order to calculate the required

insulin values and, 25 if applicable, nutritiona

val ues, a patient nodel is us ¢ which takes into

account in its calculation nodel various

per soRYBBERBRE Rit% ?F@ﬁ§l§9§he§s‘ﬁg@- breomes #vident from

e t ht rt
Eg%aﬁg?gggqh %fhrth van adggﬂy (%3|ne€g £ﬁf EranngS'

weeoﬁenevident fron1the dependent clalns 11

Advan es an edi enci es. W beco jdent from
t he foﬁ omnng cr|p§?%ﬁm?ﬁlgoﬁfﬁWche i 1PVt fRart showing

_dé&%ﬂngtheWhetﬁbﬂ aEb@rdln@thst&eSQEQQ&khQnNIem/Of a

fl ow chart ShOMAn Eart of the nethod accordlng to
the i AvEnt i%rEh QW% azf RYWSTRHY o chAaPPréion pof ttlem method

aEchelﬁgtbedthecggwehegoho the invention; Fig. 3
shows a fl ow di agram of the nethod accordlng to the

i nvenFiien; 31@hPM@ a4 vyl iadtamw off aghammethadpactooding to

ﬁ tggv gﬂ_ according to the invention; Fig. 5
ows a ér illustration of a f|OMIChart of the

met ho#igccar dhogst @ tiiow i tam;offi g. preéMSod the method
schemati ¢ view of . the systemaccording 15 to the
Pﬁ98ggﬁ8ﬁ tOnEhEi MVenEHeRE a ti me- dependent bl ood

gl ucoseggr 8penbk USRidthdhe S ERBLGOT S NgY Eﬁo&hehart of
invention. Fig. 1 illustrates a portion of the method

sBeomarhgd pecPREipgvént tbe iimventliow;chart accordlng
to ang ?ggo%l s %9 Q%HEhgt'”V%QEhO%f éLe system according

initia |ng ase of
to the 1nventlon, and

Fig. 7 shows a time-dependent blood glucose graph for
use in the system according to the invention.

Fig. 1 illustrates a portion of the method according
to the invention in a flow chart according to an embodiment
of the invention. This is an initialising phase of the
method. In such an initialising phase, all of the required
data 1is automated, polled or input manually, at least

partially, and a first suggested insulin value is

- presented. After that, the system according to the

invention will wait for further events requiring a new
calculation of the insulin rate or an alarm. For example,
any nutrition changes, a new Dblood glucose 1level, an

expiration of the timer for the next blood glucose

"measurement or a manual change of the insulin rate are to

be mentioned.
A control wunit (Space Control) 1 sends a polling
signal in an automated manner to two nutrition pumps (not

shown here in detail), which are used for parenteral and
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method. In such an initialising phase, all of the
required data is automated, polled or input manually,
at least partially, and a first suggested insulin
value is presented. After that t he system accordi ng
to the 25 invention wl| % for further events
requiring a new calculatlon f the insulin rate or an

al arm _Faor exanpl e any nutrition changes, a new

Brb8Y=yl dEssE By elfheaPOledfid abignast tisismifs ipformation
Whennexdgdipodool UGOSeonfB R bRe AL +@fe anH@:P_}c'@.}Loﬁh?ﬂﬂrﬁss and
of the insulin rate are to 30 be nentioned. A contro

Wakh ( spaeedCofr oltherapandsleveeit | ptai gral tmeantype of

r_.to, putrition pu (not_ _.shown
?g??%Sge ig%?tv&#gﬁhgr§WTeﬂ#%%@nggFeﬁPgF3%ﬁﬂﬂiHEWPS to
ehéebahtfreédiulmgt Thspeailaing S:il'gmaiaﬂﬁc&mﬁd&e%ﬁe value and the
i nformati o Wi th reg ard to the condition of the
ﬁHFFFPFor@egdﬁ’ﬁfyanHa Fi OFS 35 L6 tltfer BBy LPEI émnimportant
data efithheet¥pa eb tRut EibeOBEPRHESSAL 1A .t he punp
fromthe nutrition punps to 5 the control unit. .
EspecfHPFILRBE &Xr b@hy@rtat'éh@alﬂ?é“%nﬁlmﬁe Fur opgrator will
e h t O b as,_i.npar.t ata
gﬁ#}h}frgﬁg?g}eto e‘l:a q;l% t?h {‘ngt Y l}ESquueem}ei y PRyl of an
anpuheusanesucheasam ammhuard\mdd/orrﬁnmcfemmhattﬂa&amouse.
ia of th inpuyt unit in the formof _an 10 input unjt
EGEn SX6™R ey T0% dCURAPBF X186 GBI WREFE a3RBUSEPYEorinto the
@&ﬂHEbE,uhBE CUbr Hacd R A ades A Lrd P tﬂéocéfgulatlon
control unit, in order to be transferred to
vakeul efraste G (Spaerdied) tmc@tapngzto&m@@qzwntly, the
ent t i e p.dent n nber.
Pastrant T b DAL LealRall VER somppe 2nvo
Chat r@ir)tml 3un’in: or(apact?.o Genttobhhsfarrad tont hrder to be
al cul.atio % i Erther step 4, the patient's
gﬁ?ﬁﬁFeF§ea B Qﬁdca FEN8FePPeld™ 5 -t he cal cul ati on
unit. IhnaSE@@tﬁer{ ke ) @aod tHdIGRRe drfved Suéfgnt NPYt input and

and
transferred to the calculation unit.

In step 5, the blood glucose levels are input and
transferred. '

In step 6, the new insulin rate is calculated in the
calculating unit on the basis of the above-indicated values

and of the patient model stored in the calculation unit,

‘and this new insulin rate is displayed to the operator on a

display unit with a view to a decision to be made. The
calculation unit is initiated in an automated way by the
control unit, once all the data has been input.

The operator may again evaluate from a medical point
of view whether the displayed insulin rate is plausible and
may subsequently input this insulin rate into ‘the insulin
pump (step 7).

Fig. 2 shows a pdrtion of the method according to the

invention as a flow chart. This is the automatic
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20 transferred. In step 6, the newinsulin rate is
calculated in the <calculating unit on the basis of
t he above-indi cated values and of the patient node
stored in the calculation unit, and this new insulin
rate is displayed to the operator on a 25 display unit
with a viewto a decision to B8 made. The cal cuiation
unit is initiated in an automated way by the contro
URFegrahéenaldf t Netyat aOhasﬂmbeﬂelhparedTh@to:pexmml values
agai a a icgl PO Vi ew

é?hg$ ?ﬁﬁﬂ%&%pﬁ%§% Qﬂ%su % ra%e |(I"s;‘{]f %é%ﬁ e 5%5 the new

3ﬁsnmynsub$equently |nput thls insulin rate into the

insulin 7). shows a portion of th
netho%C88gagggn§q i%’ ggenﬁ(ﬁp%%? EPFOW“&E%% Start of
TheS et HdE awhewrabkC Hiy. | Bt eghdl Or&h%f Mﬁé%%élenoﬁn%f the
del i ver ed nutrltlonal val ues upon a change ther eof

PHES1ERENcal duPat | &fof HAFPNER idfsulthe vableod stream to
ACG9EdLg: EAst ALS S deRigtial start of

5 the met:ﬁodS mhe?g nglémagq o%g th% i'ntegration of
the Agtording, o estepe § esphrsetppet lof bhoodisiorarand the

dific ons d an_ ongoi n roce Accordi n
D TS S I R R B8 er, L Mnangea
bat eclos ddaydther Rt richeomperageber dphangedc 101n  such

by the operator on the nutrition supply unit. In such
HHFFFFFBH SUBPLY (it i H t ket pFmo In iyt kiteiPpuppeps,  the
hieriPYbhRi thod; ARALAAMERL, MY be Sel cled £1am the ecific
specific nutrition nedi canent database. The nutrltloﬁ
netdrcament mddti gagenti dektabeset.he 15 informati on about
partlngconc ntratlons of,.the nutri medi canent

e e I L ednonBabrtsabs (A o aPRl pEudes  the

saparaheiBe pmgianpardihd stdiseauenid fodHaded 1 Ondtrition

device in the nutrition punp._ For exanple, a data set
pgeigament. The nutrition medicament atabase is created by

'a separate PC program and is subsequently loaded onto a

device in the nutrition pump. For example, a data set for a

nutrition medicament may look as follows:

Name Nutricomp Standard Neutral
Energy 421 kJ/100 ml
Carbohydrates 13.8 g/100 ml

Protein 3.8 g/100 ml

Potassium 150 mg/100 ml

Vitamin A 90 ug/100 ml

According to steps 9 and 10, the control wunit will
cyclically poll the nutrition-pump for the delivery rate,
the ‘ name of the medicament and the carbohydrate
concentraﬁion. Subseciuently, the carbohydrate rate in g/h
will be calculated within the control unit in step 11 on
the basis of the delivery rate and the concentration and
will subsequently be transferred to the calculation unit

according to step 12..
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nutrition nmedi canent may | ook as follows: 20 Nane

Nutriconp Standard Neutral Energy 421 kJ/ 100 m

Car bohydrates 13.8 g/100 ml Protein 3.8 g/ 100 ni

Pot assi um 150 ng/ 100 m  Vitamn A 90 ug/ 100 mi

According to steps 9 and 10, the control unit wll

cyclically poll the nutrltlonlﬁunp for the delivery

rate, the nane of the medi canent and the carbohydrate

25 coﬁoeﬁbﬁauhdnnﬂSUBSBquentty(SpheecakmOhydaanewraheulation
d.wthin the co . unjt

/ [ | qul .
S50 14 Tch DEnoonauie o (b BEFPveh i (hasilin race

@mmmew@wﬁnaHEﬁﬂaﬂ Nw|thsub®%&@QmH®/ﬂ&tédﬁﬂéﬁfﬁﬁeﬂhéoscreen
the calculation unit according to step 12. 14 1In the

24l BuPAPPOARYUNPE (¢ Space Com), a new insul ation rate
Wil be calayaied i, stgp 13aand tWES'EE%”'Peié%Qnt input

will be presénted to the operating personnel on the
peravatest ardildpHayinni stebs| n9 egpdnsdOto shehamgéculation

E%g%%g’srt ﬁvﬁn%cul omgl‘:":[ggfi rsi %:lq:dEd .3k epas 2 p?estion

€ ca on process onat|c§P
Enktiatedeandnmsnhynﬁnﬁaﬂe fwetln HBM/IﬁahbuDatéﬂe In this
be calculated. In this connectgon t he nost

FRBBFFSﬁPnreI%@%nfMFﬁbuﬁmBSFﬁﬁgFerge VAR tHEPH opgrameters

grecese yalue, gidﬂﬁﬁéﬁhéﬁuénné|éh&ﬁb@ngfOﬁu@rlﬁﬁéﬂggnd/or a
in the patient's weight. Fig. shows anot her vi ew of

FﬁéngﬁlﬂPaFP§|ﬁQtﬂﬁé§eS MQMQhGn of the method
accorﬁlagg to Eﬁgwﬁnvﬁ{g &'weg of OE%O“@US}!{%SW phase

chart he fl ow chart s own in
thetoper ator thé, rvmbhca@r H@Mg:etbaltthe athventiea in the

\J‘A:Aog:g rggarad tf o%v ng {:I Or~|qule'”'rpflow ch%?rlgtrolqown in Fig. 3
illustrates the operator 14, who carries out certain
activities with regard to a nutrition pump 15, a control
unit 16 and an insulin pump 18. A calculation unit 17
continuously exchanges data with the control unit 16.

In a step 19, the operator 14 starts the nutrition
pump 15. In a further step 20, the delivery rate or
nutrition rate is delivered by the nutrition pump 15 to the
control unit 16.

After that[ the control unit 16 sends a carbohydrate
rate calculated by it to the calculation unit 17 in a step
21. _

In step 22, the current time and date are input into
the control unit 16 by the operator. The control unit in
its turn forwards this data to the calculation unit in step
23. In the same way, the patient ID is input at 24, the
patient’s weight is input in a step 26 and the blood
glucose 1level 1is input into the control unit 16 by the

operator 14 in a step 28.
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unit 16 and an insulin punp 18. A calculation unit 17

conti nuously exchanges data with the control unit 16.

In a step 19, the operator 14 starts the nutrition 20

punp 15. In a further step 20, the delivery rate or

nutrition rate is delivered by the nutrition punp 15

to the control unit 16. Aftef>that, the control unit

16 sends a carbohydrate rate calculated by it to the

cal cuFaei epngHPL 1niith k6 siepitg5tRpin |bragtafe® théepatient
rr ' d.d re i nt.0 h ntrol unjt

T b SEePEr or veIRRs st i ad Bl vel e ene

¢atwatdsibhi sndat a7t dnt beepal 8l akivoandnid.i n step

23. 1 he sane.way, the patient IDis inpyt at, 24,

the 30" BACFEREL Y ae gt qeeT sl 1PRMALE: JR126 o Fheculaced

bhoed sigdpicose wigveln | sheNRW ke 1l0ke ¢oMt r @b Unidr el that,

by the operator 14 in a step 28. 15 The control unit

9Bei Fensrlur Mitandferrethe paE eptleplathenpatidnt 'for the

Mey bt anduihe B oods gkuggseLavel j cylatiq
uni?pl% inuStesg 25, 27 %ﬁdgﬁés %Sﬁggéﬁgﬁ¥?§®éagh o Step 32
anggesepdavastohis valgsliagedalicigudtiod raid rom stépspBay unit

ithin.the, cal culati-on unit. 17. After that, e
%\f?)% fo nuﬁlhte FERS619s Lfrhjgt chf ctiaf c?’Freﬁni%t:'3 f oﬁptﬂée operator
aginkyscalicll ahed sapdesutede st 1iits Wdde VR 4 'm@d$E8P point
32 and displays this calculated insulin rate on a .
of spLey - ukine sStasRehed t HeSebher 6Rtanilie oy Psstipout into

8Be lhshienoperatep L9 @ﬁéegée%EBrt ?@ suogested 34,
I I olnt o t he

insulin rate from a nedi ca Vi ew,
suggeBigd énsildws rat éleiwl Icheow bef i appbricaba dfhethe method

' L 8Q.by th t 14 | t 34. Fi
A AL U R

accondt hg t antkeeriatvent i G Thhe | hlitghiEabhon 5WSthus the
the 15 automatic _integration of the nutrition and
tRbsutAblenl @t atifen BEEEAEIRDEL tYRHAPS valis i@t oagRomated

Brbesaled.

In a step 35, an operator 14 selects one of the
nutrition medicaments present in the nutrition pump 15.
Subsequently, the nutrition pump 15 is started at 36.

In a step 37, a polling signal is sent by the control
unit 16 to the nutrition pump 15, in order to obtain the
delivery rate or the nutrition rate as information from the
nutrition pump 15. Similarly, an input of the carbohydrate
concentration for the selected type of nourishment of the
artificial nutrition is requested from the control unit 16
in a step 38.

The control unit 16 now calculates in a step 39 a
carbohydrate rate from the previous data received in steps
37 and 38 and displays this carbohydrate rate on the
control unit and its display unit in a step 40.

Fig. 5 shows a further schematic flow chart of a

calculation procedure for calculating the insulin rate. In
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procedure. In a step 35, an operator 14 selects one of
the nutrition nedicanents present in the nutrition
punp 15. 20 Subsequently, the nutrition punp 15 is
started at 36. In a step 37, a polling signal is sent
by the control unit 16 to thf nutrition punp 15, in
order to obtain the delivery Pate or the nutrition

rate as information_fromthe nutrition punp 15. .
8FAPI 4rlry, B RAPURLoMeERAIrEst oty agéuggse level, even if

Eﬁﬂgemarsatéﬁ’@n{;@& the Sﬂﬁ% ednt ¥pe 1 ??%?nétiﬁﬂgggt He input

the artifici nutrition i s requested
BBAtrol unit 16 in a step 38. The control unit 16 now

col UL eg 0.8, 0,00, By QURORAYT UL S 1L L s 1y

previ ous a recéived inos
dhepl@yst #dil s wdrthobydrat etiegt e42n therig@ntohel WAktialising
and its dkﬁ%hﬁ%Funlt in a step 40. Fig. 5 shows a

PHPFREP  sc B EPBW ERALPI0f 18 d&&P&@W@@lon

procedar eutdr LatLudatd bl herbBeshi RakatRardddlbis a result
step 41, the actual nmeasured bl ood glucose |evel, even

Pf 3 hichamge chﬁng‘é‘éltmr‘él@fhpmr i Bt oChﬁ@EJSysQ%mt\hea phtient’s
PBRYhe (- SHBGEOREBL Virdhn &R WAL SRTLD [ Sace  winl

initialised b & control ufit 1R a S8
Dmmeﬁgathéylbeﬂdﬂdpﬁaxpdpn@CEBe obemamdﬁnadubrdlng to step
1 nn| uch a calc%hatlon process

| |
ﬁee‘} a{&gp %lgulocper@f 4 PEhgBLFASRUSSY i e ofigplayed

Eh@ﬁgﬁnoiatae vRALMn Sthavei 886118 pUFgesk Qlayf C}.[ejaect it by
new insulinrate will 10 i mediately be displayed

{REUBPEREL Br daéé@repﬁglpéuae@@prans angosthe 4818u'1hel pump.
operagpr J].Flatc‘:fe n thSadi §Rl2v&d, t'elnrfuzlﬁlsnar ALult of a

val ue on t e insul’inpunp of may rejec _
nawMthBgsarddfbémmm ghumdsdwhéﬁeﬂirﬁ(myﬁﬁglﬁéwémﬁa warning

u t he, cal culLati on nbde was started as a result
g §n %ﬁ§§ YRl P BB ghicoikePRyvap, apd 44, if the

ny¥pogl yapes B18¥BENGNUcose level is below 40 mg/dl.

If the input blood glucose level does not fall below
such a value, which may also be different to the one shown,
a type of plausibility check of the input value with regard
to the further values present in the calculation unit and
as a function of an underlying patient model will be
carried out in a step 46.

If the plausibility check shows that the input value
does not appear to be plausible in the light of the further
values, this step 46 will be shown on the display.
Depending on the displayed value, the operator will now
have to make a decision as to whether a measurement erfér
may be present, so that the measurement has to be
discarded, 1in order to carry out a new measurement, or
whether this blood sugar value is correct and is therefore

admitted in step 47.
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Is indicated to the operator in .steps 43 and 44, if

the newy input blood glucose |level is bel ow 40

ng/dl. If the input blood glucose |evel does not fal

bel ow such a value, which may also be different to

the one shown, 20 a type of glausibility check of the

i nput value with regard to th 7further val ues pr esent

in the calculation unit and as a function of an

under Ryimgysth ehtt ywodeecWi |wibe tdgrvilke o@rriieda out in a
| f sihi | h

?%gg gg uéﬂkgﬁ §%2¥ %%t:%%%%%?ggge%eqyfau5| Iégﬁﬁl%hjil the

dightranf shewhurirheFigval Bes,Fidi s St epod€ mmllgﬂ&ph of the

shown on t i.spl pendi ng on the displ aye
R I O s SRk L i - g e
Bsut8 . Whgther ratmegaddn@Mentn erd ke, My b@rfp@@@@fy SPill Dbe
that the measurenent has to be 30 discard in order

£aleutpyedutomn R Megder erfentheoblagset HEACPHE s Vislgsd to be
é&%gé& ;a' uer S CQBEEQEP?HQS' %4 hguf-‘%‘;?f &3 admtLed idbme way,

A pl ausi Ity chec then be carried
euy exp&cpedcedm@eahamedmdﬁrdnaaﬁé&sth&bdbencabcelated and

di agr am shown Fi
CEL 3R P Rehl i B PR Rod T todef Lblif, Heliding to
thevaextrof aid S7hofiss. thAe blabdpejlnicdse tlidal a If after two
traj ector¥%yﬁll be calculated on the baS|s of the
Bruséa Y& Fe B S 1SS t?émee«p@?ﬁ deeagyred cYS"f‘*%%ﬁonb@lCh are

bR gUAVS 35 | SRR he PIWeEXPECLRM 74, the measured
cone-shaped error areas w |l be calculated and’

ersﬂabl i apreeRws atan hppplaasdbd el oy | mgasuznedordiiges lying

10 72 and_ 74 bl | Level . ;|
BB B e s e n B e con, T REShd i 7 i1

pal uasi cultieah tar @ heOBparatdd s aarnaigingeen the |ines
72 and 74, the nmeasured val ue appears to be
pl ausfBBPe. AN MR shr 8ENOBERGES MMy OforTsi SRPRRinpRE of the

%R%@eﬁo%%aﬁ¥d%ﬁ§]éd“%ﬂérEﬁbJ@tﬁ@ﬂ Tfndi bherdBobes3 receives

icated to thé operator as a warning.
blood glucose values measured by means of a blood glucose

measurement unit 54. In the same way, the operator 53 may
transfer insulin rates 55 to or input them into an insulin
pump 51, and, if applicable, may also input nutritional
values into the nutrition pump 52. Both pumps 51 and 52 are
connected to a patient 50.

A control unit 56 is in direct communication with a

‘calculation unit 57 via a common data line 71, which is

schematically shown here.

A Dblood glucose 1level 58 and a manual input of
nutritional values 59 takes place via an input unit 60,
which is at the same time an output unit. The input unit 60
is in direct communication with a therapy control unit 62
which 1is responsible for the exchange of data and the
control and regulation thereof. Consequently, secure and

unsecure communication data 1is exchanged between the
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Fig. 6 shows a schematic view of an enbodi nent of the
system according to the invention. The operator 53
receives blood glucose val ues neasured by nmeans of a
bl ood gl ucose neasurenent unit 54. In the sane way,

t he operator 53 may 20 transfi insulin rates 55 to or
|nput then1|nto an insulin hp and, if

pl i cabl e, al so i nput nutrltlonal val ues into
?ﬁ%tﬁﬁ%rPﬁﬂén56ua@4xthxﬁﬁlﬁﬁ%ﬁglga BRHE557ape well as the

ﬁQHE@CBQd 59 ARPLA LN 2P AngLNEROL 1 UNideRE-415 él‘ﬂannels 68,

direct communication wwth a 25 calculation unit
¢Pa A0cendoh7data line 71, which is schenatlcally

B

i nput of i €s p ace via
anpustmn|h16&m uiitche3 s af thensameessueemBneutqiutthe blood
upit. The ingput unit 60 30,is in direct conmuni cation _

- HhOaSt hgﬁi% cORIBI TWRITBLIONNi Bh i & r GRS PNEL  time
faretbglexchange ofodaa apflehhesrcamtrgl Aldbension of the
regul ati on thereof. Consequently, secure and unsecure
§Bﬁﬂ%h?@aﬂﬂﬁ@hﬁﬁe#@%eeiﬁgéﬁgedib%@ﬁ@%%ﬁ%%@ o§ any supplied

t cul at Quni 7 I S
fREFLCHAL, P8l (Mardy 28 Tl chrdbsly o) EoE® plooa
ghanoeés B@vel 6Qccllrsand Thidi.s Amagl aben sirghidattesd both by a
%enerited i,n the visual and/g 5 acousti§ -alarn1u2

35Ut 22w ABasBFeHERtCof 2LAETHI 008 gGFAEBsetQal éert any
peesoﬁﬁaurathBa?fp@egeaﬁmyeﬂ%etbbl6& siReerval is due
to be taken or a suspension of the supplied
i nsul R rehe rilGilatsempamsiton ot amy §@|§§M1@c§10n of the
?gg{l:ﬂ_hm}% evaéﬁgs q_'}d/% 1(951?% C%@ﬂ Péhé]pe %Odsuch as

g ucose evel occurs. I's may be i ndicated t by
aewvi sudlriancrel acoastes ali@r mcanrigdleroto albgrt mewns of

| tl t b ite. Inth
PEEBRAEF B LATTOBATS cfeul RIPBRE of CPRE SirhaeuPDH

caheranderi E4apBbpeaBkengot nbwekien . data such as

All of the features disclosed in the application

an MPC

documents are claimed as being essential to the invention,
in as far as they are novel over the prior art either

individually or in combination.

List of Reference Numerals

Automated polling of the nourishment data
Input of the current date and time

Input of the patient ID

Input of the patient’s weight

Input of the blood glucose values
Calculation of a new insulin rate suggestion
Start of the insulin pump

Nutrition is changed

Contrel unit sends query signal

H YW 0 9 o0 Ul W N

0 Control unit sends polling signal
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15 new nutritional values is carried out by neans of
cal cul ation prograns 65 stored therein and an MPC
controller 64 cooperating therewith. Al of the
features disclosed in the application docunents are
cl ai mred as being essential to the invention, 20 in as
far as they are novel over t hé? prior art elther

i ndi vi dual | in conmbination. List of Reference
ANdimer ﬁpgtmhumﬁt cdlpoileiteg ohrbbbydowtiesnaset dat a

227 obBREeY | naor TREArTER < Cndrghy B, e

thécbﬂaodoglunmse values 6 Calculatlon of a new
L nsul i,n.rate suggest 30 7 rt of the insulin
pdnp §2KGH ?Fﬁ8ﬂ Eﬁn@@& ¢ PPoFa&ﬁ t sends query
skhgnabpeQc&entrol unit sends polling signal 19 11
CbntroF unit cal cul ates carbohydrate rate 12 Contro
4Rit NRAK3FéPB PHMBohydrate rate to calculation unit
13 Calgylathonn9ft the newinsulin rate 5 14 Qperator
15 Nutrition punp 16 Control unit 17 Cal cul ation unit
18 In§aﬂcnlpuwpn10n19 Start of the nutrition punp 20
lg &%r f _the delivery rate 21 Transfer of the

r bo aP te PE'® 22 Input of date and tine 23

ettIBgakheoEIHﬁe nutrition pump

20 Transfer of the delivery rate

21  Transfer of the carbohydrate rate

22 Input of date and time

23 Setting the time

24 Input of the patient ID

25 Setting the patient ID

26 Input of the patient’s weight

27 Setting the patient’s weight

28 Input of the blood glucose levels

29 Setting the blood glucose levels

30 Starting the calculation program

31 Calculating the insulin rate

32 Transferring the insulin rate

33 Display of the suggested insulin rate
34 Setting the insulin rate on the insulin pump
35 Selecting the nutrition medicament

36 Starting the nutrition pump

37 Transferring the delivery rate

38 Transferring the carbohydrate concentration
39 Calculating the carbohydrate rate

40 Transferring the carbohydrate rate

41 Input of the blood glucose value

42 Calculation started

to
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15 24 I nput of the patient ID 25 Setting the patient
ID 26 Input of the patient's weight 27 Setting the
patient's weight 28 Input of the blood glucose |evels
20 29 Setting the blood glucose levels 30 Starting
the cal cul ati on program 31 |culating the insulin
rate 32 Transferring the insu Pn rate 33 Di spl ay of

t he suggested insulin rate 25 34 Setting the insulin
tate B

Transterring the delivery rate 38 Transferring the
tar boBgdeal atdoncdner abi gchangés3@oCautuliationglt kalue

rb drate.rate 40 Transferring.the, carbohydrate
£81 o BUEER Sb86Re e BRosn Gricasa sible a2
£al cukabbangstiabkbed120e143sBbegdeglucose | evel falls
bel ow_predet erm ned val ue 44 Hypogl ycaem a warni ng 45
€2l eV WibﬂsaééntsaEﬁaﬁﬁega%SUAaFﬁ%tﬁ@ﬁaﬁuaaﬁ@éed46
Bboodgghucose | evel is not plausible 5 47 Bl ood
gl ucose |level is correct 48 New insulin rate is
2@l cuPatedntind suggested 49 End 50 Patient 51 Insulin

grnp fgséfiﬁuﬁhhéion supply unit 53 Operator 54 Bl ood
g e

ucose neasu nt unit 55 Insulin infusion rate
fzvi cdutrition supply unit

53 Operator

54 Blood glucose measurement unit

55 Insulin infusion rate device

56 Control unit

57 Calculation unit

58 Blood glucose

59 Data for artificial feeding

60 User interface

62 Therapy control unit

63  Alarm unit

64 MPC controller

65 Calculation program

67, 68, 69, 70 Data communication channels
71, 72, 73 Data communication main channel
74 Blood glucose value curves

75 Straight line with measurement values indicated

e BhoeHedinsarenlpirp £38lsebedorngredeteaminedovalue
: ﬂEd'Cﬁ?ﬁ@&l?éa@hﬁéthagnﬁﬂs nutrition punp 37
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56 Control wunit 15 57 Calculation unit 58 Bl ood
gl ucose 59 Data for artificial feeding 60 User
interface 62 Therapy control unit 20 63 Alarmunit 64
MPC controller 65 Cal cul ati on program 67, 68, 69, 70
Dat a communi cati on channels 71, 72, 73 Data
comuni cation nai n channel 25174 Bl ood gl ucose val ue
curves 75 Straight line with neasurenent val ues
i ndiveehesy Fd [ Matdmarba Menhoerfung abhi Reguhgt and Blood
Regul ati ng Bl ood G ucos |s. Patent Clainms 5 1. A
sygten1fo? noni toring aﬁéhgégﬁlgFWﬁgsblood gl ucose
| evel s (58) in a blood stream conprising an input
nit %léﬁ f.or receiving at |east one neasured bl ood
PGEBSe H8VE® (58) present in the blood stream at 10
| east one insulin value so far supplied to the bl ood
stream by neans _of at |east one insulin supply unit
t18, B1)SYSLA/ bpramanddsirigiee andriregudalt ival el $89) glucose

obvBULT I(bEIN 1502 baboll LTk, Oledfidliagl) v supplied

to'the blood stream by neans of a east one .
nut r i eRodnepupplynigni tl4)1F o Xecdbring adtc Ul @isONotBi heasured

7, .57), for calcul ati (6, 13) a .new.insulin value
%i@?dar%?ul,u‘?‘%seapéﬁ’% bl(g,%)a Rjéﬁlg%ﬂﬁt A i Ol Pearde sisream, at
Laasti oneofinsig ief feQtueonsd heabl Ogsh1 BaicasecheVehsod stream
and as a function of the previously nmeasured bl ood

BYudRars epdl ¥58)leadtd oDeaniwEpbtn eWPPly60ynior (18, 51),
aHEPYLt IR0 thesehd NS dDeional value (59) of nutrition so

far directly or indirectly supplied to the blood stream by
means of at least one nutrition supply unit (15, 52),

a calculation unit (17, 57) for calculating (6, 13) a
new insulin value (55) and, if applicable, a new
nutritional value as a function of its effect on the blood
glucose levels and as a function of the previously measured
blood glucose level (58), and

an output unit (60) for outputtiﬁg the new insulin

values (55) and, if applicable, any nutritional values.

2. The system as claimed in Claim 1, characterised in
that the input and the output unit are combined in a
control unit (16, 56) with a transmission and a reception

unit.

3. The system as claimed in Claim 1 or 2, characterised
in that the output unit (60) 1is connected to a display

unit.
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val ues (55) and, if applicable, any nutritiona

val ues. 2. The systemas claimed in Claim1,

characterised in that the input and the output unit

are conbined in a 25 control unit (16, 56) with a

transm ssion and a reception _unit. 3. The system as

claimed in aim1l or 2, char&éterised in that the

out put unit (60) is connected to a display 30 unit.

342  ATheheydfaenias cébdrmgdd im Claim 1 ®@r 22, characterised
zhar, erd I hat .t h tput unit (60) is -

ggnr?%c%ttteciﬂfegd?%%%t?#%Fogsgzu%p y&l?rﬂ%c(t(%az)t?OStg.e Ph&rition

syspem asitl dsged in Caiml or 2, characterised in

that the output unit (60) is connected to the insulin

supply unit (51). 6. The systemas clained in any one

ef. O ahes sstem ad0cthameet e Setaby at deast eRGracterised
pol ling signal (37, 38) which is sent by the contro

3Hi t-Hete) CRer OHSEMth R tHe | (RGDr %4 oRePneaFads 4o the insulin
gubbh?iggi§ugghy_unit (15) at |east at one

predeterm nable point in time. 15 7. The system as

claimed in Caimé6, characterised in that the polled
utritional values conprise.the current delivery rate

gf thtéh%u?srﬁ‘%a%‘#n g&ppﬁaﬂﬂ?i} (5, 38Y) B p8hi & H 2 - 5
phapactbeibyfebef atutlidddoromnhdlBingaE DORYNUr abe, 38) which

concentration thereof. 20 8. The systemas clained in

afy Gf&ff Rhe pRBcedMFTdl ai Wit chdlet erficfed Palling  the
hhatithenhMPWaunis 14) ¢ clrwlg]ﬁj i i 16 60)

for ﬁnpu?ting ?he neé%urgdgor ca éh ate%ﬁgglggdangé (15) at
deasbsat| evel pre8g)yeamdhablieupoiititonal tialeues (59) 25

and further person-specific values such as body

wei ght, age of the person and such data. 9. The

3yst eMhas cfsdard asn abyinee ofnt heapkecedi Rtharacterised in

that the polled nutritional values comprise the current
delivery rate of the nutrition supply wunit (15, 52)
embodied as a pump, the type of nutrition and the

carbohydrate concentration thereof.

8. The system as claimed in any one of the preceding

- claims, characterised in that the input unit (14) includes

an input unit (60) for inputting the measured or calculated
blood glucose levels (58) and/or nutritional values (59)
and further person-specific values such as body weight, age

of the person and such data.

9. The system as claimed in any one of the preceding
claims, characterised by an alarm unit for emitting a
visual or acoustic alarm to an operator (53) indicating
that it is time for the measurement (54) of the blood

glucose level (58) in the blood stream.
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claims, characterised by an alarmunit for emtting a

30 visual or acoustic alarmto an operator (53)

indicating that it is tinme for the neasurenent (54) of

the bl ood glucose Ievel (58) in the blood stream 23

10. A nethod for nonitoring and regul ati ng bl ood -

glucose levels in a blood stféam conprising the

foll owi ng steps: - starting (19, 36) at |east one _

Adt ri &i oetdqspl founimonitrsing)akdr réguéetliypgorblood glucose

hadirect]ly_ syupplying nutrition .5.into.the hl.ood ]
LBPLLETLLY A2 HRBR, AR bty 3158 U FelaRPne steps:
nutriti enaktivgl Ua 9Qf Ade awtrdddtorode ommer pt usal styply unit
f _data transferred the nutrition supply unit (15, . .
gé?fto )cgnrﬂrrofilaﬁﬁt%( 18% %C{lrﬁ?t-lbfré‘h’?&’éﬁ’rli“ﬁ!g pgtrition
28} omeasupedohl aedegliucose levels (58) present in the

bl ood streamto the control unit (16, 56),

cal curafPRgrening, @1) 2nh idsulih valt ukedss)oaadnutritional
Lcabl a A I ctio '

SRRLLCEY) Encl ULLILAN L R5eg Uk 280, Lidzprerreo

blie threevioush yiosassiumplbl ondtgl Ucoseskevelo (&8)cdntrol unit

gE?ns ?5 a calculation unit (17, 57), and -
a pu?_'ng (6, 33) the calculated new insulin val ues

(55) andradsfappticable, LBy cAdLshad®dpI®Wd glucose levels
nutritional 20 val ues_by nmeans of an output unit :

(86) . Presente Het hBE &doeCaisteram ©Pathelontrol unit (16,
eRaracterised in that the output calculated insulin

values (55) are transferred (35) to an insulin supply

uni t 18215l adrinP5(6 npdB, t Baneian 18suThe metlhed 6%5) and,
clai [ or_11, characterised in_that.the

e Epe%;ln aim.10 : £
bt FRP iU St e MPFTIFERAT. vAPIES 278 & r EHEFELPRg O its
tofebe i rblbed BPRdsaiNieveDdd) £Hd i BBUta Blnction of the

égggﬁgﬂély measured blood glucose level (58) by means of a
calculation unit (17, 57), and '

- outputting (6, 33) the calculated new insulin values
(55) and, 1if applicable, the calculated new nutritional

values by means of an output unit (60).

11. The method as claimed in Claim 10, characterised in
that the output calculated insulin values (55) are
transferred (35) to an insulin supply unit (18, 51) or

input therein.

12. The method as claimed in Claim 10 or 11, characterised
in that the output calculated nutritional values are
transferred to the nutrition supply unit (52) or input

therein.
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24 13. The nethod as clainmed in any one of Cains 10
- 12, characterised in that the step of determ ning
(1, 20, 37, 38) the nutritional value. includes the
following: - polling (9, 37) a delivery rate, the type
of 5 nutrition (10) and a carbohydrate concentration
(19, 38) fromthe nutrition §épp|y unit (15) by the
control unit (16), - _calculating (11, 39) the
éar boh{r8r atet-hed eags clpimed i bhaRnyvalanss ¢f ofilehms 10 - 12,
i - , +t.he e ULEi tql nd.the

gg%%é%;éfggégbéﬁge%%¥gtFg% E%Qﬂgaéé gfggfﬁéﬂ&%ﬁtr%%’ 20, 37,
gait thebhutritionsfleveilng (121uties tthe dcalhowidiat e
rate to tgfl.calcqbatigg uni_t ﬁl{) for calculatig%
(13, 31)PRew*fHsul'Pn Pue§ aR§livETYppFPESDI e thFewtyPe of
Auteitional (vel uesd 15 thrbBigdmitwdcadscehaigedohn (19, 38)
any one of Claims 10 - 13 characterised in that
bEPBorF e BHEFd tdara SR s Wody (W) gy, BBe ofonteol unit
pesson and the like are input (2, 3, 4; 22, 24, 26)
into the control unit (16) for calculating (13, 20
31) the mrawcudaling valldes. 3%). Thiee nethvidolgdcanenedate as
' Y . of s A0 - har.acteri sed .in that
?Hgﬁgéﬁ?ﬁggriY%%ﬁgf V%Fﬂ%s%QF% %@ PSRt etiPhen the type of
nutrition samppl yheni taftiShydnaeer Wirkcerdrddi®n by means of
nﬁtrition EU§QL¥ or changes its delivery rate (8). 16.
FHE ABEROA a¥Pdlaildéd i n any one of Cains 10 - 15,
char act endagtd -4t (89, opanatoke (83)pbi ﬁks%eq: Y%e to the
means of an alarmunit (63) disposed in Y e contro
galeuigb)ono UG-t nth Pat Eor haklictuliag imgne( If3or e newt insulin

e t (%4 : bl | ycase | evel _i.n the
gﬁggggsgﬁgén$§2ép%}}ég$ﬁg’nggﬁb%4§§%§ﬁﬁn d Ve Y8 % m
16, characterised in that the operator (53) is
alerted by ng?qf of the alarm

metho

14. The as claimed in any one of Claims 10 - 13,
characterised in that person-specific data such as body
weight, age of the person and the like are input (2, 3, 4;
22, 24, 26) into the control unit (16) for calculating (13,

31) the new insulin values.

15. The method as claimed in any one of Claims 10 - 14,
characterised in that the new nutritional values are
calculated when the nutrition supply unit (15) interrupts

the nutrition supply or changes its delivery rate (8).

16. The method as claimed in any one of Claims 10 - 15,
characterised in that an operator (53) is alerted by meéns
of an alarm unit (63) disposed in the control unit (56) to
indicate that it is time for the next measurement (54) of

the blood glucose level in the blood stream.
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unit (63) in the case of a change to the supplied

nutritional values, which was not predeterm ned. 5 18.

The nethod as clainmed in any one of Clains 10 - 17,

characterised in that the values output by the

calculation wunit are displayed to an operator (53)

and confirnmed by the operato?Sas applicable. 10 19.

The nethod as clainmed in any one of Clains 10 - 18,

tRar ather irsddhach ehatcle phedisiibi |Gtaimchaek \mtatrarcagﬂrﬂsed in

Fﬂatt h:%eol Qlcl | ty tgg rr%er%:r e&i gl OOd UCO%e the alarm
vel rrle ou 15

unit (63 in the case of a change to the supplied

nutritional values, which was not predetermined.

18. The method as claimed in any one of Claims 10 - 17,

characterised in that the values output by the calculation

‘unit are displayed to an operator (53) and confirmed by the

operator as applicable.

19. The method as claimed in any one of Claims 10 - 18,
characterised in that a plausibility check with regard to
the plausibility of the measured blood glucose level 1is

carried out.



