1 System and a Method for Monitoring and Regul ati ng Bl ood d ucose Levels
Description 5The invention relates to a systemand a nethod for nonitoring
and regul ati ng bl ood glucose levels in the blood streamaccording to the
preanbl es of patent clainms 1 and 10. An exanple of a systemfor nonitoring
t he bl ood 10 glucose level in the body tissue of a patient is known from EP

0 461 207 B, sybich SYS! aMisndh! ek oloho-0RLEG! by pEERNS LOhd HRIAA! DI @
gl ucose-sensitive living cells capabl e of prodicing an~el ectrical or

optical signal in response to the @luwrese leorglentration in the medium the
el ectrical and 15 optical signals by way of nmeans | ocated outside the
living cells. Because of the required inplantation, such cells are |ess

sui table fofedtseiddiqrati ents lying on an intensive care unit. FromEP 1 185
321 Bl, an infusion system havi ngl a 20 cl osed-1oop control circuit for
infusing a flui dlith al¥6RELREr 19 a&FotwnEountier EYVFEE S eR88r SySEERPADAIOr S
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generates a contro I nput Ich 7s used Dy a controller for generating
commands whitctezar eafornaided tco Bh@bpdehinpéey syt emtestg. ¢ faimd ndulaind
This contraoller is a specific proportional-integral-differenti al

controller .10Any val ues exceedi ng the actual glucose |evels, which m ght

have an effect am theagilleosed evel sywitldn be&csonsicdared g t hitge systedm if
at all, only to a mnor. degree. 30The EP 1 458 435 Bl describes a sﬁystem

for di Sfensiivgarsdilcafent’s’ UShhPAY | i e8TBn° pufpPand S&tcdft re1ver from

i ncl uding an aj goght %JOFEWR&H{HH | Bg-tbg del i yerycebamedi capeats, byt he

i nfusi on punp. The controller 1 ncludes a plurality of nedi canent delivery
profiles foreas ioferimy antfohedybanes - e t hee st ovage cedtla wepablhe

controll er shows !uralité/ of, sus encglrfu ct(i:o ss.\/\ge ei.,n at I%ast one of
the plural ﬁs‘d} pd:focﬁ\?gln@ar?érht JoeeCfri%?'af/)L prof?ﬁ’r% y>be ‘Capalat Py and
tenporaril yrsuspended ddndsnpessidi ef ath@ medium, the electrical and

15 optical signals by way of means located outside the living
cells. Because of the reguired implantation, such cells are
less suitable for use in patients lying on an intensive
care unit.

From EP 1 185 321 Bl, an infusion system having a

20 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 contrcller input which is used by a
contreller for generating commands which are forwarded to a

25 delivery system, e.g. for insulin. This cocntroller is a
specific proportional-integral-differential controller. Any
values exceeding the actual gluccose levels, which might
have an effect on the glucose level, will be considered by
this system, if at all, only to a minor degree.

30 The EP 1 458 435 Bl describes a system for dispensing
medicaments wusing 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



5 first delivery profile for delivering a first nedicanment to be suspended,
whi | st the second delivery profile for delivering a second nedi canent
continues. In this respect the enphasis is placed on a conbination of a
plurality of delivery profiles, whilst the insulin factor, which 10

i nfluences the glucose |evel, is considezed. A control of nedication as may
be suitable for a patient lying on an intensive care unit and needi ng
artificial feedifgds Moln describedier eonfecnedi nghy, ddhe Presentshows
invention is based on the 15 object of providing a systemand a nethod for
noni t or i ng sanelvepd &t i A BIUGEENG Uosvd 1@Vl sWRRTEIB cod LeReRmPhGhétei n
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with regardhd 0 dihgdmidind, dyieanscipf thecdeat ugesiotrpat enordllai mede. 25
An essential point of the invention lies in the fact that in a systemfor
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one neasure ucose level present in the blood stream at |east
one insul i nidlewelryso $erfslesl i edhtidsthe Brood iserddam byfaeans. of wht cheast

one insulin pply unit., and/or at .l east one nutrit.i | val i
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calculating a new insulin . val ue OEg%_ﬂGMIIHS lLin rate and, if
appl i cabl e :TASREWVE RANT t FORAI WA RESERE f BRCEFORTEE iG8EEHRct® ot he
bl ood described here.

Accordingly, the present invention is based on the

15 object of providing a system and a method for monitoring
and regulating blood glucose levels in a blood stream,
wherein monitoring and regulating is peossible also in the
case of the blood stream of a patient lying on an intensive
care unit and thus being in need of artificial feeding, as

20 a function of the parameters of the artificial nutrition
which influence the glucose level.

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

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

- an input unit for receiving at least one measured

30 blood gluccse level present in the blood stream, at least
one insulin level so far supplied to the blocod stream by
means of at least one insulin supply unit, and/or at least

one nutritional value, if applicable, of artificial



gl ucose levels and as a function of the blood glucose |evel previously
nmeasured, and an output unit for outputting the new insulin values or the
new insulin rate and, if applicable, a nutritional 10 value which nay be
supplied via an enteral or a parenteral route. A nmet hod according to
the invention for nonitoring and regul atagng bl ood gl ucose levels in a bl ood
stream conprises the follow ng steps: 15starting at |east one nutrition

supply unitpfoF: didectdyrar IRHJ186d Ve SUBRLYINGJYH eferabhy i tidda als
nutrition into the blood stream determning at |east one nutritional
val ue of th&et pkeFelf allsy Y5l SYRRYY tWohCfrom a plurality of data 20

|tems transferred Gromidie, piddtion Supply didoda GO T ALy U deyiin
transferring neasure ood gl ucose levels present in the bl ood streamto
t he controlvaini¢ , crcakculeat i ngsadinnsuéfa \valde drf apppAdulallerate anrd; 25

if applicable nutritianal value_as a.function of its effect .on bl oo

gl ucose e\fé‘ffsrjgtr%d”hasl a %t?%naoffupﬁglﬁpe\ﬁ%ujsr@ ﬁtggﬁ e§ IG5 %ﬂ? se
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insulin values or 30 insulin rate and, if applicable, the cal cul ated new

nut riti onalPRAHAREE Iy TIRedE S6F &R %ut put unit. This neans that data
regardi ng nutriti onaloyalies, of - par ent ki AgdtaE eRterals f1eediag.,dal ood

gl ucose | evel s,
or the new insulin rate and, if applicable, a nutritional

10 walue which may be supplied via an enteral or a parenteral
route.

A method according to the invention for monitoring and
regulating blood glucose levels in a blood stream comprises
the following steps:

15 - starting at least ocne nutrition supply unit for
directly or indirectly supplying preferably artificial
nutrition inteo the blood stream,

- determining at least one nutritional wvalue of the
preferably artificial nutrition from a plurality of data

20 items transferred from the nutrition supply unit to a
contrel unit,

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

- ¢alculating an insulin value cr an insulin rate and,

25 if applicable, a nutritional wvalue as a function of its
effect on blood glucose levels and ags a function of the
previously measured blood glucose level by means of a
calculation unit, and

- outputting, the calculated new insulin wvalues or

30 insulin rate and, if applicable, the calculated new
nutritional values by means of an output unit.

This means that data regarding nutritional wvalues of a

parenteral and/or enteral feeding, blood gluccose levels,



4 patient

are out put

data such as weight information and the |like, and insulin val ues
may be input into the calculation unit as input data. As output data,

insulin values or a newinsulin rate, the tine of the next neasurenent,
gliucose 5 plausibility check values and, if applicable, nutritional values

by the calculation unit. Partécularly the tine of the next

any

nmeasurenent is to be seen as an inportant output of 0.5 to 4 hours since
the 10 usedatferstichage measir enente vahtie iafdiend o tam® cthtenvde,|l asid

measurenent, i s preferably does not ;take place within the indicated tine
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unit and rely on artificial feeding, w thout any risk of over- 15 or
under - dosi MRt t Heraandurite of ¥ nsullé n Bappl | B¢ageverepitng ava rdslaseof a
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ftreamo erson can evoke rabi reactions to I ncorre

rates and meyl delrersefeorcaitridft itnsullien dasl cadi st errede 20 Wi t hout or with only
cient supply.of nutrition at the same tine, fall intq a
life-threateni n&%&é%&&é’mt@%oﬁfﬂ? i%%. &I’% Fﬁ?‘%_ UERRECETGRY €5 &% (].?@be
consi der ed dehat ddesmuimpbioansuppkbed telike pad i gate has pakanBiisanhi ch
are relevant to the bl ood sugar |evel, such as in 25 particular the
car bohydr atté Corfceift rat PORT8f SERECNGHE t13H aRE* ERECEABLNE St TEAEBERY T at es

Contin%%usb%e@qni '%&ﬁﬁ?daiHeQSEQEmQ%tCEBQ%hXQmﬁt @e%l%ggﬁwEEhEn the

an i nsuffi

(carbohydrate rate) or as a bolus. |

such car bohydr at

i nto accounthdiimated time interval, staff will be alerted.

15

20

25

30

Such a system and such a method may advantageously be
used with patients who are 1lying on an intensive care unit
and rely on artificial feeding, without any risk of over-
or under-dosing o©f the amount of insulin supplied
developing as 'a result of a neglect of the influencing
factors by the artificial nutriticon supplied. The blocd
stream of a perscn can evoke rapid reactions to incorrect
insulin rates and may therefore, if insulin is administered
without or with only an insufficient supply of nutriticn at
the =mame time, fall into a life-threatening hypoglycaemic
condition. In this connection it is to be considered that
the nutrition supplied tc the patient hag parameters which
are relevant to the blood sugar level, guch ag in
particular the carbohydrate concentration of the nutrition
and the amount of carbchydrates continuously administered
in terms of carbohydrateg per time unit (carbohvdrate rate)
or as a bolus.

If such carbohydrate values are taken into account in
rhe calculation of a new insulin value, an interdependent
congideration of the nutritional wvalues, the insulin wvalues
and the bloocd glucocose levels resulting therefrom will take

place, which may avoid any undesired reactions of the human

es are taken



30 the calculation of a new insulin value, an interdependent consideration
of the nutritional values, the insulin values and the bl ood gl ucose |evels
resulting therefromw |l take place, which may avoid any undesired
reactions of the human 5 body to substances supplied to it. At the sane
time, the amount and the duration of thesinsulin supplied nmay be cal cul ated
as a function of the circunstance as to whether the human body is supposed
to be fed whddy nubridiyt haddgsdpshasgedonut ¢ | t henalhyakygs, tSendd hatnan
adaptation to the type of the artificial nutrition supplied, i.e. the type
of nutriti cdoViy Bé@ccaFPPed WAt Mtien OfhetPfsul #svER ued PRl 95ki gy be

cal cul at ed-ciztck}:garﬁpé;ésglel 8 o cRRLY: U et h.epteral ;and %%r%t%éther

feeding. 10SIm It may be taken into account In such a system or

met hod t hattiehehamanf bodgl ikeedippgsies! suspendédd whitdh rvds iami cef flectimn t he
bl ood glucose | evel. The fact.that, the insulin rate wll be new

cal cul at%d Czéanager(gsﬂﬁt LoFPRPE nEHAE Y hat Ot Hed Megat \Feéaeﬁtfae%%oréagged:}ﬁy
this 15 suspgnsion e thecaricfaTi abtcfeedbngsomylbedgonpensated,tge tdmt no
overreaction of the blood stream due to any_i nm nent di sadvant ageous

gl ucose val'tEE 3%iiqnt akaY pPEcEaqi heP'taslhsh &hetiRglstoyalise &npl e
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insulin 20 is continued at thelsane insulin rate, there will be a risk of
hypogl ycaeriral dweratdexred faddimover dose. The artificial feeding may

be cariied out bathcqntj nugusly. and i n.a,bgl ug;Lype, ymnner and fay, be
supplied in an autondat ed ‘manner aresponse 1o The& previously 2
cal cul at ed syewenutgs t honabdvahaes taed/zort i i sisuFéadvabues Quaremidald,y, by

operating personnel reading the previously cal cul ated val ues froma display
devi ce or §%%é$¥yW%%_€%!ﬁ£%%ﬂky eﬁéﬁaﬁ@%xf eHBBFPES. et i Apr 6t y
however is ct@cdetiRr mMne.i Nsul-hfe Vakuesper RISl A& 08st Be r3Qybasi s

of the values previously input into the calculation unit with regard to
nutrition afd bhesd praesseha} ¢coer secehéinet reffonnl cailsed Jdfy stuppki ed

nutritE%n g%%p%%%%o%?c&?Qﬂ&g%gﬂhﬂgﬁgﬁgpefgé&iééoﬁéy be compensated, so
that no overreaction of the blood stream due to any
imminent disadvantageous glucose values will take place. In
the case of a feeding stop, for example by interrupting the
parenteral or enteral feeding, whilst the supply of insulin
20 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
continucusly and in a bolus-type manner and may be supplied
in an automated manner as a response to the previously

25 calculated new nutritional values and/or new insulin values
or manually, by operating personnel reading the previously
calculated wvalues from a display device or specifying
values they generated themselves. The main priority however
is to determine insulin wvalues or an insulin rate on the

30 basis of the wvalues previously input into the calculation
unit with regard to nutrition and blood glucose.

Of course, the nutritional wvalues of supplied

nutrition may also be modified independently from



6 cal cul ated val ues on the basis of an individually desired change of
nutrition. In this respect, the artificial feeding is to be regarded as an
i nput value into the calculation unit, which in turn causes a new insulin
value 5 or a newinsulin rate to be output as an output val ue under
consideration of the blood glucose |evel 5 The input and output units
are conbined in a control unit having a transm ssion and reception unit.

Such a controf - \\ite& SRAGECONT OlPe | B2k cdid£CENCAMURI;GRIHIGY, 180 11 t he
calculation unit (Space Com) . Alternatively, both units may be integrated

in a comorclieviee. of nutrTheonut pbt uRbds s TesRRsited e t Hech St b/l
unit, which fé(%st an.dS f Qrenp t L %é}]‘%%jdf ogebdlasrpl %ﬂéﬂﬁ a(}glhgadkggoofgh

kil Ing .. 1 .
new vy, cal cuT@ted i nsul i varues i f applica 15 nutritional val ues
and, if apptitable;iahsonior phovhdiimg tatrit heasase &i mewanirisnguin uaXue n

the formof a touch screen, via which the neasured bl ood gl ucase | evels
and, i1 Bppli CALFEY ZRGUGLS| FRHC neW AGt PREPENal S, LSS SHE oA iy T i n
val ues are ddspHdad o dhessysiemlseyputses 28vknterface is in direct
comuni cation with a therapy control unit which is nmounted in the control

unit and i s respBwsi breuForRthOWaMY olNaRE EXehaifJebicdata B At Yed
fromand tQ,Lhe %%'x&ﬂajt 20N cudhbes [aeoaut pub ugégfgéieﬁef&mly Soupl ed to
5 supp

the nutrition unit and the 1 nsulin supp unit 1 n cases ere an
aut omat ed stppdnelof umisul i(8pand ardntfrcel jal imut Eint | dhrect h ddwnurewtat ion

calculated insulin valyes.and nutri.tional values.is pposed _tao be .carried
it - AcKor THG L0 RS FadoBNBGHEnaIRE=SE phPT ng Si-GRar 30T goriH ng
the nutritignals valpese i Saddanadd tied 4 resmddie g¢oateol unit to the

nutrition supply unit at |east at one predeterminable point in time. This

pol ling signal iBaisedtistconfithi cet e A gs3I9%d tout EREI dhBFP VY uésiit.or
exanpl e which first and foremost is used for displaying and reading

of f newly calculated insulin wvalues and, if applicable,
15 nutriticnal wvalues and, if applicable, also for providing
at the same time an input unit in the form of a touch
screen, via which the measured blood glucose levels and, if
applicable, any desired new nutritional values and/or new
insulin wvalues are input into the system. Such a usexr
20 interface is in direct communication with a therapy control
unit which is mounted 1in 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
25 gupply 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 values
is supposed to be carried out.
According to a preferred embodiment, a polling signal
30 for polling the nutritional values 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 wvalues, for example



7 the current delivery rate of the nutrition supply unit inplenented as a
punp, the type of nutrition, which neans the nutrition nedi canent which is
adm.ni stered and the carbohydrate concentration thereof, to the control
uni‘'t ito 5 enable it to calculate fromthis data a carbohydrate rate as the
rel evant nutritional value. Subsequentlyy the carbohydrate rate is
transferred to the calculation unit for calculating the new insulin val ues

or the newnuytritional vakuese 40l nstead,of cihe di;spkayouni fubpidhauder m of
a touch screen as described above, which at the sane tinme allows the
various datimsimtergsed 0fs examiee t hehereiypeed bl vodryF beBse WHAKCE Greadr t her

patient-specific val.ues_ to _be.in by 1 he, operat . a. te i nput. _unit
for inputti%@e t A& 15 ‘masure lSF%%é‘FCUV%?gg b?%odg%rflh%%)gggﬁégelaélll(gng/hoer
nutriti onalcaddiestand: fastdent patient ehpeebfi, c tval ties suchrad bedy wei ght,

age of the person and simlar data be.  used, as an input unit. Exanples
of this %r&Eementt ohdl WBeybodds g?g‘%pépéﬁl S sBr Cé%ﬁ??‘é’g‘—“&wi &< Ssuch
as, for 20 gxanphe, aemBUSE: Theressarii-al Vahues. Whiscbsak@enBpy, Virmesuch

an input unit and which are relevant for calculating the new insulin value
or the newdamyhividnedte BAES (¥S appbreaBireednel® nbA t FoRar I valoRs Whdrfe t he

bl ood gl ucase. vaééjfcdi%rﬁhir?%ﬁ% _g%épasyﬁgglpﬁ means,f a,sepapat e dgvice

in the bl ood stream 5 a patient, or outside of it, any change
to the artirfurcdiadi anatlr meilams .which will result in a desired nodification of

the nutritional values, apd/or a.ch e of .the, patient’.s weight. The input
of this%ata or BFERY h%getg’ﬁ u%%ssxf% Hidny  Cadd'S e5OFY | aac-zgloélﬁ ation

of gcreen as described above, which at the same time allows
the wvarious data such as for example the measured blood
glucose data or further patient-specific values to be input
by the operator, a separate input unit for inputting the
15 measured or calculated blood gluccse levels and/or
nutriticnal values and further patient-specific values such
as body weight, age of the person and similar data may be
uged as an input unit. Examples of this are conventional
keyboards or operable cursor control devices such as, Zfor
20 example, a mousge.

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, 1if applicable, new
nutritional wvalues, are the blood glucose value which may

25 be meagured by means of a separate device in the blood
atream, for example of a patient, or outside of it, any
change to the artificial nutrition, which will regult in a
desired modification of the nutritional wvalues, and/or a
change of the patient’s weight. The input of this data or

30 of these values will in any case result in a calculation of
new insulin values or insulin rates and, 1f applicable, of
new nutritional wvalues, in order to obtain in this way an

adaptation of the blood stream to the modified data and a



new i nsulin values or insulin rates and, if applicable, of new nutritional
val ues, in order to obtain in this way an adaptation of the blood streamto
the.nodi fied data and a new adjustment of the interdependence of insulin
val'ues, bl ood glucose levels and nutritional values. O course, in the case
of for exanple a desired change of the nutritional val ues which may have
been made by an operator and which 5 will then be nmade known to the system
via the inpidy UiiusNiMdng REW BHér iitenalepsaldndrit odnl ynauhiw vadukin
value wi |l be cal cul at ed. AccordingFto a.preferred egbgdinent,,an

[ /
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acousti cal lyalerti ng aRORSEAtIle thaledird$ thiBabockakaeannew; FRAsHI eNent
of the blood glucose | evel. Such an alarmunit nmay al so, or in addition,

trigger anvalaem iwhitde vage hefveanbesmanted nopadf aderadial feed aWhiekdi ng
process for .exanpl e due i i , I 15
triggeréd Wﬁﬁﬁhgﬁﬁgégx%f%gﬁg Eﬁ%@@iﬁ%% %ﬁ%ngggg?éLiﬁf}??g%.§£EE€H¥H2€’
undesi red ehangesnéw hherfieddiag thatuan blitcausle aa alear mtosubent wadgger ed
can be categoriged i?to three different scenarios: there may be an
undesi r abl &itht 8Fr GBLFBA26F % he feeding process, which may be both an 20

enteral and a pﬁeeat:@&ﬁlg freedi ngre Abtes@abin¥ehY mehRe rat eaDfrt henent esal or
par ent er al feeding may be changed. A third possibility would be a change in
nutrition whenideddi sPpsalfite r epPACERL 25 &l arfR¥ i v& ifiURdtles, apd/or

trigge&%d Egobgg§53§h§ 85@%@&% E%&%@é%ator that it is time to take a
new measurement of the bloocd glucose level. Such an alarm
unit may also, or in addition, trigger an alarm in the case
of an unwanted stop of the artificial feeding process for
example due to a technical failure. Also, an alarm may be

15 triagered in the case of any undesired change of nutrition.

The undesired changes to the feeding that will cause
an alarm to be triggered can be categorised into three
different scenarios: there may be an undesirable
interruption of the feeding process, which may be both an

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

25 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.

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

10 mwinutes prior to the actual due time of the next



preferably five mnutes after a change of nutrition, unless an input for
calculating the newinsulin rate has been nmade into the control unit or the
input unit in the meantinme. 30An alarmindicating that it is time for the
bl cod gl ucose level to be taken may be carried out for exanple according to
the follow ng procedure: a pre-alarmis ?Paised 10 m nutes prior to the
actual due tinme of the next 9 neasurenment. A tinme interval for

measur enentyse st deendrak ena may e, ifrerrexanpbe, med saireargs 0ftd. be- thihaours.
Such an alarmsignal may al so be nuted for ten mnutes. At the tine a
measur ement™§%s Rftre TPe EEEUBLFe dParfmBURR Phefl-Be T epedPBaSor S&Gft éfed on

agai n. Thi s, Mid] Al-s@ 1t aker PIaLe A Left ANoldier: 40 inutes. and 20 minut es.

Here, too, the acoustic allarmmay be muted for 10 mi nutes. ~ After 30
mnutes, a furtBér @har mimge e teaduraneeh st duet Sheheaosestio $tegnt he

insulinu i.nce t ikl _le the em and _t
insulin Sgu%’ywﬁi&% hﬁg %%plggtﬁ%eg? rg é;ﬁ;ﬁ%%%%# cg}“l %\%t%g'pe@%f%%g S%Iegrgati on
i s continuedka tglcude neasdri rgctherblldodnghucese anevelQ miniisesec&esany to

change to the manual node .of the system Th al .node involves that the
operator sé§rat{s ﬁ@@u§5§§b€lﬁéﬁbxpgihthm%ﬁgﬁga?t%Ptﬁ?%ﬁﬁﬁﬁied.

Al ternatively, agcayt omgt g nselch-of EurBderwidtnFedard 4@: Bhe@Ut QRBENLC
stop of the insulin punp may be provided. For this purpose there is a
communi cat iostikuaksbetieerigde iGfsulLAPpURBE antn$hel Spd& WontTigice s8ht hat

the ZOE%Da%%tS%aﬁ;aelt ;‘W‘%uc e; enabled tg cause the tar r@rggtmguﬂntgemp

i nsul i n punp activi an autonmati c stop node nay operated as a
syst em whi efilaut phtis ansuggyestyeon be stopotbeicadldli nspoppedand Itthi sheyst em
mey be manually Querridden 2t a0y LLFB.RY GRS RNMSICl AN Of BY e RULeg. o
level, it 1is necegsary to change to the manual mode of the
gystem. The manual mode involves that the operator sets a
15 new dosage rate for the insulin to be supplied.

Alternatively, an automatic switch-off mode with
regard to an automatic stop of the insulin pump may be
provided. For this purpose there is a communicatiocn 1link
between the insulin pump and the Space Control, so that the

20 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 mwmay be manually
overridden at any time by the physician or by a nurse who

25 does not want to follow the suggestion, in oxrder to
subsequently return to an automatic mode.

If the process is continued not without but with a
blocd gluccose measurement, the operator will input a new
glucose value and will set the suggested insulin rate on

30 the insulin pump. Now the system will go back to the
automatic mode.

The method according to the invention for monitoring

and regulating blocd glucose levels in a blood stream



25 does not want to follow the suggestion, in order to subsequently return

to an automatic node. If the process is continued not w thout but
with a bl ood glucose neasurenent, the operator will input a new glucose
value and will set the suggested insulin rate on 30 the insulin punp. Now
the systemw ||l go back to the automati cidode. The net hod accordi ng

to the invention for nonitoring and regul ati ng bl ood glucose levels in a

bl ood streagyndP; SOEPrHrRes sthe=st&ps Hfastaidi ng aticbeast cpse Autrition
supply unit for suppLyln% artificial nutrition into the bl ood stream
det er m ni nge@rleastidneladt rerRHal nYalard 0i1 el afMtididam ndREPt i OFF f rom

a plurality, plodala 5.4y agsternedihg 2ccoubbel gl udansherring &l deast
one measure ood glucose value tothe control unit and cal cul ating an

i nsul i n valties andxtiiff iappli cabb®e;iaiewmt riftticonal avalpierssl & ¥ unetfi ondafait s
effect on bl ood Pluco e .levels agd gs a function gfoQe rggigg%g% qg&;ured
10 bl oo gl WO TVl By reah8ofCa B af FER=aRIt 1 Rbrddover S he

cal cul at ed pevsinsal i oed ueylanshsd f afipkd cabb e, tipny eatcnbat edniew and

nutritional values are output by _means of an output unit. The C%qulated
insulin valtRsT et ing appl i dasiidin hevasieal @icat ed! nut APELGREPL¢al ués may

ei ther be transferred ig.an-aujons ed¢ BRRANGH t @ran d HsudsuUpBhy widg and
the nutrition supply unit or may be input into the supply units by the

oper ati ng pensomel lan,s i dndppd i sablertbenceif itheereX0RBth wimggrured
nutrition its, ar unps, Wwth the nutrition _supply i r.ef erahl.y. .bei ng
a punp]ﬁbrﬂgﬁxg%téﬁﬁ%égﬁrii%%é?sﬂ%%ly%gﬁgsa Bénpgfof%g%%§%§1éﬁzﬁuﬁ&éz
nutrition supploved n orHer t@lcallculeat e tde reaqurac | nsalia vandes ard, 25
if applicable, nutritional values, a patient nodel is us%d whi.ch takes into

account i n aRRsLiGARIA at 1B nodRl YR Fets PeYsoRYEpEELPPEldatE it SAfch as
age, the i iLnr 1 njsSt .+t he body wei ght and further
g r}ﬁ%ﬁ(gﬁﬁ{}r tkﬂ}e?n%g-{/gar&!ﬂs £1 €489 atnid | y g

par amet er s. nt ageous enbodi nents wi Il beconme evident fromthe
dependent cl ai mThe calculated insulin values and, if applicable, the

15 calculated nutritional values may either be transferred in
an automated manner to an insulin supply unit and the
nutrition supply unit or may be input into the supply units
by the operating personnel and, if applicable, be
confirmed.

20 Both of the nutrition wunits are pumps, with the
nutrition supply unit preferably being a pump for an
enteral nutrition supply and a pump for a parenteral
nutrition supply.

In order to calculate the reguired insulin values and,

25 if applicable, nutritional values, a patient model is used
which takes into account in its calculation model various

person-specific data items such as age, the insulin rate

administered so far, the body weight and  further
parameters.
30 Further advantageous embodiments will become evident

from the dependent claims.



11 Advant ages and expedi encies will becone evident fromthe foll ow ng

description in conjunction with the draw ngs, wherein: Fig. 1
shows a schematic view of a flow chart showing 5 part of the nethod
according to the invention; Fig. 2 shows a flow chart of a portion of

t he met hod according to the invention; 11 Fig. 3 shows a flow di agram of
the nmethod according to the invention; 10Fig. 4 shows a flow di agram of a
portion of the nedhod aecor dhag dxpddieridvent kanl become Fie§idenshomsom
further illustration of a_flow chart of the method according to the

i nvention; the followimy degCiheamkon sRhERRDHECFIOW I thhe s A& %Eor di ng
15 to the ijvention, and Fig. 7 shows a tinme-dependent bl ood gl ucose
graph for use in the systemaccording to the invention. Fig. 1
illustrates a pdiig.ont ofhthe aeshbdgrasder diimy toft he filpwertticoit ishewifricow

chart accordi t n e di Qf t i;nvent i . This is an

initial icsgi r’Pgarp a%tg Bt tng%%r?e ﬁo%&o?dnlqﬁjcgga&nﬁ%/n%{l’% ’f%fIﬂg phase, all of the
requi red data i siatt omasedwspal [FMdwrchaput cfarugbdytiah béasthepanddrald vy,
and a first suggested ig;i_?l in value is presented. After that, the system

accor di ng tBFIHS DY iHRMS oA EANTRei t for further events requiring a new

cal cul ation of thes i nsWidyd af er Rbw adi 8L oFOkneXapRhed amedrdilid iten
changes, a new bl ood glucose |evel, an expiration of the timer for the next

bl ood gl ucdde neaswramnt or a manual change of the insulin rate are to 30
be mentioned.  p:q A GAMIOL, U, (FPAGEGOBEN Q! hotesRnds A il kg s gnal
in an aut omat ed ‘marnner 10 two AUtTIt1on punps (not shown here in detail),
whi ch are usedddmgparenter dnvamt ion;
Fig. 5 shows a further illustration of a flow chart of
the method according to the invention;
Fig. 6 shows a schematic view of the system according
15 to the inventicn, 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
20 of the invention. This 1s an initialising phase of the
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 wvalue is
presented. After that, the system according to the
25 invention will wait for further events requiring a new
calculation of the insulin rate or an alarm. For example,
any nutrition changes, a new blood glucose level, an
expiration of the timer for the next blood glucose
measurement or a manual change of the insulin rate are to
30 be mentioned.
A control unit (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



12 enteral feeding. The polling signal transmts information with regard to
the condition of the nutrition punps and with regard to therapy-rel evant
data of the type of nutrition present in the punp fromthe nutrition punps
to 5 the control unit. Especially the carbohydrate val ue and the current
delivery rate are here to be polled as iigportant data with regard to the
type of nutrition. Subsequently or at the sane tinme, an operator wl|

i nput furthegfidaha vé@aohgt hedanppdl uthy igidhea ferahehiap IohAdipadt i t
such as a keyboard and/or a screen with a nouse. For exanple, the current
time and datieharsegapdt Gt BREhSTBHTIANN uRit , tif S HiEHePHFRAS FEFT ed

to the cal %H'r_%}!% id (%acéh?&@g@y%&%%ﬂﬁ tgashepo?. Suksequent|yr the
I catl on nunber

patient identi patient ID) 1s input into 15 the control
unit (SpacewCarntrioln) @mteBent nior dée tmethe framsftére edutolthen calapBatticon

unit. _ In a further, st 4. t atient's ight . is_|i t

t r ansf err ed o IWE &A1 it gezs%%cfjtahﬁ}p thé carb\iéﬁy§?8685ya?%§ ﬁl%ggc?he
gl ucose | evelrscafte dapireapd r2@et ransf aered.co be dallddepas, inlemewt
insulin rate is calculated in the cal culafti ng unit on the basis of the

above- i ndi dgted “WalfugeIaid o tHE FaBi%m 1$tYted in the calcul ation

unit, and this newdasWwidJabe i disll aygdet o e, obar aldrOfoR 2611
display unit with a viewto a decision to be made. The calculation unit is
initiated iimpat dutoreredaty by the tbat dobumiunitonee &he¢ fhemdatazRas
been inpu

e o T R GRS, B BLE L1940 AR 0

subsequent IpyA nputmdihi S tAsukuRreate dinteo dhe basel iarepuimpodst eptd) the
Fig. 2 shows a portion of the pethod accordi ng to the inventign raLs a flow
chart. Thi §onérphe @dtomdt’ CTIETF % diff at ToRSof L REHr FPi GR®afd-G&tEvérEd

nutritional, val Ues, 4pon aphangecthengof . d ntg dhexcal sy addamiof t henpew
insulin value. According to this, Fig. 1 shows'the initial start of
patient identification number (patient 1ID} is input into
15 the control unit (Space Control) at 3, in order to be
transferred to the calculation unit.

In a further step 4, the patient’s weight is input and
transferred to the calculation unit.

In step 5, the blood glucose levels are input and

20 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

25 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

30 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



5 the nethod, whereas Fig. 2 shows the integration of the nutrition, i.e.
the response of the blood streamto nodifications during an ongoi ng
process. According to step 8, the type of nutrition and the delivery
rate 'or a further nutrition paraneter is changed 10 by the operator on the
nutrition supply unit. In such nutritionzsupply units in the form of
nutrition punps, the nutrition nedi canent nay be selected fromthe specific

nutrition nedicamant,databage. HheNubrgt ien MrdiLaneot datanget Jaualdules
the 15 i nformatlon aobout partial concentrations of the nutrition

medi canent .upkire mut chehgs nebécepentindat afdse icelerdate@rbyod separ &t PC

program and i S subseqluent |y | oaded onto a device in the nutrition punp. For
exanpl e, a dat= Set'For a nutrition nedi cament may | ook as follows: 20 Nane
Nutriconp St andattd¥elitnal t&Enehdy , 42k dk]/ 108hpiwsCarlohydi at@es £3a8tg/cD0 ni

5 the method, whereag Fig. 2 shows the integration of the
nutrition, i.e. the response of the blood stream to
modifications during an ongoing process.

According to step 8, the type of nutrition and the

delivery rate or a further nutrition parameter is changed

10 by the operator on the nutrition supply unit. In such

nutrition supply unitg in the form of nutrition pumps, the

nutrition medicament may be selected from the specific
nutrition medicament database.

The nutrition medicament data set includes the

15 information about partial concentrations of the nutrition

medicament. The nutrition medicament database 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:

20
Name Nutricomp Standard Neutral
Energy 421 kJ/100 ml
Carbohydrates 13.8 g/100 ml
Protein 3.8 g/100 ml
Potassiun 150 mg/100 ml
Vitamin A 90 ug/100 ml

According to steps 9 and 10, the control unit will
cyclically poll the nutrition pump for the delivery rate,
the name of the medicament and the carbochydrate

25 concentration. Subsequently, the carbohydrate rate in g/h
will be calculated within the contreol unit in step 11 on
the bpasis of the delivery rate and the concentration and

will subsequently be transferred to the calculation unit

according to step 12.



Protein 3.8 g/ 100 nl Potassium 150 ng/ 100 m Vitamn A 90 pg/100 m
According to steps 9 and 10, the control unit will cyclically poll the
nutrition punp for the delivery rate, the nanme of the nedicament and the
carbohydrate 25 concentration. Subsequently, the carbohydrate rate in g/h
will be calculated within the control uni4t in step 11 on the basis of the
delivery rate and the concentration and will subsequently be transferred to
the cal cul ation ynidnhacegr diingrionsteprl2spakd com), |8 tke dalsill=aticon
unit (Space Com) , a newinsulation rate will_ be calculated in step 13 and
this insul imateatel W | Pebeprasaiast 19 EF€Popet afiffy PerSonREHLoR e

screen of %d.hSQ&QYpP@éénted to the operating persgonnel on the screen
of a display unit.

5 In response to a change of the relevant input
parameters polled 1in steps 3§ and 10, the calculation
process will be automatically initiated and a suggestion
for a new insulin rate will be calculated. In this
connection, the most important relevant input parameters

10 are the blood glucose value, a change of nutrition and/or a
change in the patient’s weight.

Fig. 3 shows another view of the initialising phase
portion of the method according to the invention in the
form of a flow chart. The £low chart shown in Fig. 3

15 4llustrates 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 c¢alculation unit 17
continucusly exchanges data with the control unit 16.

In a step 19, the operator 14 starts rhe nutrition

20 pump 15. In a further step 20, the delivery rate or
nutrition rate ig delivered by the nutrition pump 15 to the
contrcl unit 1€.

After that, the control unit 16 sends a carbohydrate
rate calculated by it to the calculation unit 17 in a step

25 21.

In step 22, the current time and date are input into
the control unit 16 by the operator. The control unit in
ite turn forwards this data to the calculation unit in step
23. In the same way, the patient ID is input at 24, the

30 patient’s weight is input in a step 26 and the blood

glucose level is input into the control unit 16 by the

operator 14 in a step 28.



5In response to a change of the relevant input paranmeters polled in steps 9
and 10, the calculation process will be automatically initiated and a
suggestion for a newinsulin rate will be calculated. In this connection,
the nost inportant rel evant input paraneters 10 are the bl ood gl ucose

val ue, a change of nutrition and/or a chiange in the patient's weight.

Fig. 3 shows another view of the initialising phase portion of the nethod

according to therdidvesdam i antherkonm ofcr dhew ehankbseFae tHowahiari:
shown in Fig. 3 15 illustrates the operator 14, who _carries out certain

activities Wt HFhegadany ® eIkt ortduipe 151 cadcsAtcascudigvels ndhén
insulin pu - at i;on ynid cont ijyiaush y, &xchanges data with the
control uni %ﬁ?lﬁﬁﬁ%%lg#g%;ib,:ﬁ e1b éiatd? 14 starts the nutrition 20 punp
15. In a furtherSudtesp20t Ivhe dekhggeytedt dérgruinut rvelona rat eodlsuweltieder ed

by the nutrition punp .15 to _the ntrol, unjt. 16, . er at, .th
control Uni‘t® 18 Egﬁas é c‘ﬁ?’%%ﬁﬁ}d% e {‘T‘aa]t%l‘?%aa“f%%ﬁlaf‘lg&tbﬁ?t {}"tg@?ﬁe ehd?,

cal cul ati orcnani tod?rbD ausitep 12523011s thd N csileml2d idrheuvadrr efdrt itte and
date are input. into the control unit 16 by the operatqQr. The control _unit
inits tur Ut S datadt FUIECER Lﬂ%ﬁ?%ﬁ“uﬁﬁﬁqg1%ﬁe% 58°P| 14t he

same way, the patdent d RS iAputyalc2d, 14de) 30 patkent’ s WRightyi siniiRpU
in a step 26 and the bl ood glucose |level is input into the control unit 16
by the operstcom 14 ithen stepreB. unis 16 inTlke TR rdP - uALt the opeiresoturn

transfers the patient ID_th i ent! s_wej ght_and.the bl god gl |
Lo he a1 GO UM (77 TP rie 25 =05 Bk 58t e B, ey L gRtateve

suggest ed igrsulidi valie éscgebesfiatadudinn ratst ep 13 ndwhbe theucaliaubat i on
unit 17. After that, the control unit 16 polls the calculation unit for the

new y cal cliigt édsand s By§&s €8d Tndile RBREHAECY H4a 2t ép FFRntt di spl ays this

cal cul at ed insulﬁig.r% i@ di $RlAY Wde sbewa gy Aie, LonEr oheURERLE in a
step 33. If-the operator 10 agrees with the suggested insulin rate froma
medi cal poiagtogflivigewsot Hersuggested drnsulhasr at Blwst ranbanbeshiawsut that o

the in%%li%u%%g%t§g b%ﬂg@%f§¥¥§§0r0§4 Lﬂea %5%@5%%on and thus the
calculation of the nutritional wvalues into an automated
procedure.

In a step 35, an operator 14 selects one of the
nutrition medicaments present in the nutrition pump 15.

20 Subseguently, 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

25 concentration for the selected type of nourishment of the
artificial nutrition is regquested 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

30 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



Fig. 4 shows a flow chart of a portion of the nethod according to the
invention. This illustration shows the 15 autonatic integration of the
nutrition and thus the calculation of the nutritional values into an
autonat ed procedure. In a step 35, an operator 14 selects one of the
nutrition nmedi canents present in the nutyé tion punp 15. 20 Subsequently,
the nutrition punp 15 is started at 36. In a step 37, a polling
signal is sgnt, byt hensonigt@lalunidashbrdd bhoaulglidddye pusPelb, ekBnorder to
obtain the delivery rate or. the nutrition rate as informatjon fromthe
nutrition plhs 152S SFRRRgERy, kh {RPYE S tOhetlar Syky@at et 25 88nc&RM at i on
for the selggted type of nourishnment of the artificial nutrition is
requested fromthe control unit 16 in a step 38. The control unit 16
now cal cul at es iSmbaesteptdd . a chebodjdrded ioat euhf bmitsheipi eypbigedaby

received in.steps 30 37 and 38_an i,.spl ays thi b r r.at t he
control%hnFFean °PrsCai spia ﬁﬁitgi%%%gété%'4ob§rggé ggég gEgﬁg%éggqggrther
schemati ¢ froweehar tcafl calealicuw atiroringrodeduriesdfleryesdl cul ating the insulin

rate. In 16 step 41, the actual measured bl ood gl ucose Igvel, even Ef this
has changed, isItnpitch it o°The syt e FFACERE MputSiited as’ a result

Subsequent |y, Lhecalful ati opudRitibs idH tizal beadghy 8ft henLopkraknynist in
a step 42. During the initialising process, "calculation running” is
di spl ayed. weight,| f suchuggeatédhat i W pr 8cesteWas 186aliad a2k rediilt of a

change . i.n nutrition-or o t [ ' 10 gest | for a
new in%gliﬁmpggea%Fﬁg ﬁ%i#ﬁ%ﬁﬁégéﬁygﬁegg%sg%%§e&%$% % %O%%%ggtgé ggggrding
to step 45sandirst epr<B. 4Fhe Toperagaratmay ey herntdetr tder dibpl dyedliepsdl in
rate value on the insulin _punp or nay,reh ct it by inputting.a di fferent
insulin rat@SHALE ERES MY SH PunbS 1 +PFHEI CaPEIFat oM RO dES Wast st hrPéd as

a result of3,15:neWy aeasyeed hhaodigl wgese jheveliha moalyeasm.a
warning is |n8|cated to the operator in steps 43 and 44, if the newy input
bl ood gl ucose | &felthies ¢l owl A0iemy/ tede was started as a result of a

15 newly measured blood glucose level, a hypoglycaemia warning
ig indicated to the operator in steps 43 and 44, if the
newly input blood gluccse 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,

20 a type of plausibility check of the input value with regard
to the further wvalues 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

25 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 error
may be present, so that the measurement has to be

30 discarded, 1in order to carry out a new measurement, or

whether this blood sugar value ig correct and is therefore

admitted in step 47.



If the input blood glucose |evel does not fall below such a val ue, which
may al so be different to the one shown, 20 a type of plausibility check of
the input value with regard to the further values present in the

calicul ation unit and as a function of an underlying patient nodel wll be
carried out in a step 46. If the plausiBi’llity check shows that the input
val ue 25 does not appear to be plausible in the light of the further

val ues, this step Abamwkibibecghewecen vhelditspay beDependi e omtthen a

di spl ayed val ue,_ the operator will n have_taq nmake a_decj sion as_t

whet her a FERSEREN LR oF thay Fe bfﬁ%%hf?tgg ttat "Phe ﬁ%%?ﬁgenﬁﬁt%ﬁgs to
be 30 discandedad NsARMRT 10 GALY OUul Bifew Measeneat , geapmhesherhkhi s
bl ood sugar value is correct and is therefore admtted in step 47. 17

A pl ausi bi leixppctiesck DWokRE t BenchBEcar?+éd RHITVR LR Dcddif e AHE WO be
illustrated in _nore . detaj] i he diagr own, i n_Ei I Oy4i71Sh a
gr aph o% t%gugfpecﬁgﬂ b%%%ﬂ Srﬁgﬁgezégl3gh§%?veaov§?h?ﬁgzﬁggt Fégg 5%%§urs.
At that poicall dunlatrien®e,cra thaj éctsarsy of | khbe wladedll gledosr thelusasts &F t he
bl ood gl ucose val ue to be expected. .This correspands to %H&yes7%é hggthe

sane way, &ﬁ?eé%ﬁgctéﬁtﬁﬁngggﬁﬁﬁgang?roCDa?%EgemﬁI " pecarCul ated an

establ i shed i @32 URREI-ARA sheledddt tape£Ordi Dy be tAleulwesd/2ndnd 74
for the bl oo | Gcose level. If after two hours within this area cone, the
neasured vasaedlighiech vz 67 ' Pree 759 afe URNiSieehiPhE 13HEF T %ANnE074,

the meagur U& ARNEAr S, t oo per PbausbBke IAbJIPasdied. vat ugsekyl Rgo
outsidg%of%gﬁg%grggﬁcone %%tggen the [ines 72 and 74 w1l 15 be i ndicated
to the opehatee asthimarthimgarea condhi gihed mehewsred sehbnasi cwiilely etean

enbodi ment of the system according taq,the jinvention, .,The operatar
recei ves bFPod F@@b?@'vfﬁﬁégmﬁgﬁgﬁ}gﬁ“%ﬁhﬁ53%s$%fa%db?%bdeg u@%ggéged
measur ement it Hdoedfs t B8 SATEpMAMsibhe . opetat arabldredy 24l teandfeng
insulin rates 55 to or input theminto an insulin n i f

) punp 51, and, _i )
appl i cabl epunaydal o€ i Hput 28R r FEPSNAS W GTest PRt 1BRE it rAF oh? plidpls2.
Bot h pupps. 1. re.ceonne a zpRat ent-/G . A control unit
56 is #%degeé B@S%ﬁﬁﬁiggt?g% %F%%a§%§5a%aﬁc§%§iioﬁ'unit 57 via a common
data line 71, whiigh iss schensd | eahéyashowrifer @f Al eogiodgluensecf et 58

o003, L AR L AL Lol LSS o8 18 Bhate. ML A A Lamtaun
blood glucose values measured by means of a Dblood giucose
measurement unit 54. In the same way, the operatcr 53 may

20 transfer insulin rates 55 to or input them into an insulin
pump 51, and, 1if applicable, may also input nutritional
values into the nutrition pump 52. Both pumps 31 and 52 are
connected to a patient 50.

A control unit 56 is in direct communication with a

2% ealculation unit 37 via a common data line 71, which is
schematically shown here.

A Dblood glucose level 58 and a manual input of
nutritional wvalues 59 takes place via an input unit 60,
which is at the same time an output unit. The input unit 60

30 1is in direct communication with a therapy control unit 62
which is responsible for the exchange of data and the
control and regulation thereof. Consequently, secure and

unsecure communication data is exchanged between the



30 is in direct communication with a therapy control unit 62 which is
responsi bl e for the exchange of data and the control and regul ation

t hereof . Consequently, secure and unsecure communi cation data is exchanged
between the 18 control unit 56 and the calculation unit 57 as well as the
punmps 51, 52 and an alarmunit 63 via sevgral channels 68, 69, 70 and 67.
An alarmsignal is generated in the visual and/or 5 acoustic alarmunit 63,

| 8 New MEASULENENt,of Lheahhood0ldioesa M4 4pen eXPLLAIAN ofs &he
measur enent tine |nterva is due to be taken or 1f a suspension of the

suppl i ed i nswhp: Fat eSandhdr aa suspensioic of 3 anyaswsplared mhaninglognads,

val ues and/ a¥%req£ g?ange of the blood 10 glucose | evel occurs. This may
be indicatedt b I sual and an acoustic alarm in order to alert any
per sonnel who naynpegsﬁmtlylgﬁalbei@ng;ﬁﬁ&xated ird nthkee cabkual atamwd)/ami t
57, a calculation of the insulin_rate_and, Ilcable of_ f rtﬂg dat a
such as515@@%#?&&9|?F%ﬁ%lu@éFué?fletga?rﬂ&W @r%%%ﬂg 8f dal% iﬁ?

programs 6%?1%}&5@@ thetghn apdnan MG Gantdol | 8F 64 ceppenaldmitid heﬂ:mth
of the Teatures disclosed in the application docunents are cl ai med as
be| ng essentrit@rtal t he | Aventticonbe2(-dkems ar 14s @h@%%ﬁ?&fel ofveh] he

T ot BT AU KB, A Qoo o et s, Mg a1
and time nutritional values and/or a great change of the blood
10 glucose level occurs. This may be indicated both by a
visual and an acoustic alarm, 1in order to alert any
perscnnel who may presently not be on site.
In the calculation unit 57, a calculation of the
insulin rate and, if applicable, of further data such as
15 new nutritional wvalues is carried out by means of
calculation programs 65 stored therein and an MPC
controller 64 cooperating therewith.
All of the features disclosed in the application
documents are claimed as being essential to the invention,
20 in as far as they are novel over the prior art either

individually or in combination.
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42 Calculation started
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25 34Setting the insulin rate on the insulin punp 35Sel ecting the nutrition
nmedi cament 36Starting the nutrition punp 37Transferring the delivery rate
38Transferring the carbohydrate concentration 30 39calculat|ngwnngLﬁ
carbohydrate rate 40Transferring the cgﬁbohydrate rate 41l nput of the blood
gl ucose val ue 42Cal cul ation started 20"43Blood glucose level falls bel ow
predeterm ned val ue 44 Hypogl ycaem a warni ng 45 Cal cul ati on due to changes
to nutritional value 46 Bl ood glucose level is not plausible 5 47Bl ood
glucose | evglohs €051est 48 Newinsulin rate is cal cul ated and suggested

1. A system for monitoring and regulating blood glucose
levels (58) in a blood stream and for use with at least one
insulin supply unit and at least one nutrition supply unit,
the system being for controlling the at least one insulin
supply unit and, optionally, the at least one nutrition
supply unit, the system comprising

an input unit (14) for receiving at least one measured
blood gluccse level (58] present in the blood stream, and
at least one nutritional value (59) of nutrition so far
directly or indirectly supplied to the blood strean by
means of the at least one nutrition supply unit (15, 52},

a calculation unit (17, 57) for using the at least one
nutritional wvalue (59} to calculate (6, 13) a new insulin
value (55) and, if applicable, a nsw 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 outputting the new insulin

values (55) and, if applicable, the new nutritional value.

2. The system as claimed in Claim 1, characterised in that
the input unit (14} 1is configured to further receive at
least cone insulin value so far supplied to the bleood stream
by means of the at least one insulin supply unit (18, 51),
and the calculation unit is configured to use alsc the at
least one insulin wvalue for calculating (6, 13) the new

insulin value (55), and, if applicable, the new nutritional

value.



49 End 50Patient 51lnsulin punp 10 52Nutrition supply unit 53Qperator 54
Bl ood gl ucose measurement unit 55Insulin infusion rate device 56Control
unit 15 57Cal cul ation unit 58Bl ood gl ucose 59Data for artificialifeed ng

60User interface 62Therapy control unit. 20 63 Alarmunit 64MPC controller
65Cal cul ati on program 67, 68, 69, 70 Dat’a conmmuni cation channel s

3. The system as claimed in Claim 1 or 2, characterised
in that the input and the output unit are combined in a

control unit (16, 56) with a transmission and a reception

unit.

-

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

a display unit.

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

the nutrition supply unit (52).

6. The system as claimed in any of the preceding Clains,
characterised in that the output unit (60} is connected to

the insulin supplv unit (51).

7. The system as claimed in Claim 3, characterised by at
least one polling signal (37, 38) which is sent by the
control unit (16) for polling the nutritional values to the
nutrition supply unit (15) at least at one predeterminable

point in time.

8. The system as claimed in Claim 7, characterised in
that the poclled nutritional values comprise the current
delivery rate of the nutrition supply unit (15, 52)
embodied as a pump, the type of nutriticn and the

carbohydrate concentration thereof,

9, The system as claimed in any ocne of the preceding
claims, characterised in that the input unit (14) includes

an input unit {60) for inputting the measured or calculated



71,72, 73Data conmunication main channel 25 74Bl ood gl ucose val ue curves
75Straight line with neasurenent values indicated MCSLLP 21 Pgt. nt d ai ns
1. A systemfor nonitoring and regul ati ng bl ood glucose | evels ?’5@)[‘ Fn a
bl cod stream and for use with at Ieastb%?e insulin supply unit and at | east
one nutrition supply unit, the systembeing for controlling the at |east
one insulip_ supply unit and, optionally, the at |east one nutrition supply
unit, the %Pgm Sihgvers  (S4n | ApdounntEiayorgr reekies ng 54t | east

one rreasur@ﬁdbkegehgkug,@%@ohegggc@% pLesent <i,ant he g!oa d stream _and at
| east one nutritional value (59) of nutrition so far diréectly~“or indirectly
suppl i ed toftheebrosdcst peantbyhinéans. of the at | east one nutrition supply
unit (15, 52), a calculation unit (17, 57) for using the at |east one
nutritional value (59) to calculate (6, 13) a new insulin value (55) and,
if applicable, Bhaewymitsn tionativalae as arfynehieonoof dHes phteetiiny the

bl ood gl ucolze. | evel s and as a %ﬁnw on of the prevjously measured bl ood
gl ucose | evefHi8g) “Hfcteris t pAtt Ui ETR603 Flor TGUt paftithg Ehed new

insulin vatuesal58) anebuddiapphiacabl € the Hew- pubritional iM@HHEti% The
systemas clained in Caim1l, characterised in that the input unit %4) IS
confi gured %" f dit heF @ vécat tleasmesmariemsult n{V4l uecso thar supplied to

the bl ood stream blye\;@an%é))f the at A%@%scg Sogpe%rﬁlsul in supply unit (18, 51),

and the calculation unit 1s configure 0 use also the at least one insulin
value for calculating (6, 13) the new insulin value (55), and, if
appl i cabl e t h new, nut ritional .val ue, a.I\r{/gSUP 22 3. The system as cl ai ned
in Claim1or 2, "characteri sed i i°thaE tHE i hpdttahd ¢ né o put L imite are
conbi ned ilrewaicontd ol wnbdd (46re50) ubihh act nansmi ssion and 4, recspt) on
uni't. unit and at least one nutrition supply unit, the method

being for controlling the at least one insulin supply unit

and, optionally, the at least cne nutrition supply unit,

the method comprising the following steps:

- starting (19, 36) the at least one nutrition supply
unit (15, 52) for directly or indirectly supplying
nutrition into the blood stream,

- determining (1, 20, 37, 38) at least one nutritional
vaiue of the nutrition from a plurality of data transferred
by the nutritien supply unit (15, 52) to a contrel unit
(16, 56},

- transferring (5, 28) measured blood glucose levels
{58) present in the blood stream to ths control unit (le,
56),

- calculating (6, 13, 31}, using the at least one
nutritional value (59), a new insulin wvalue (55) and, 1if
applicable, a new nutriticnal value as a function of its
effect on blood glucose levels and as a function of the

previously measured blood glucose level (58) by means of a

calculation unit (17, 57), and



4. The systemas clainmed in Claiml or 2 or 3, characterised in that the
output unit (60) is connected to a display unit. 5. The system as cl ai ned
in daiml or 2 or 3, characterised in that the output unit (60)CEELP
connected to the nutrition supply unit %}52). 6. The systemas clainmed in
any of the preceding Cains, characteri'sed in that the output unit (60) is
connected to the insulin supply unit (51). 7. The systemas clainmed in
O aim3, characterisBdtby"dt ‘Feast) ohBepbRLFHgESRENEEY(375U38) WhiLERS s
sent_by thesoontl, uniet {g8); £of1 ol kiag Lhecpulfihlonal yakues;Le.the
na i me.

nutrition sug&ly unit (15) at | east at one predeterm e point In

8. The sysY2hrasPélasaed Ph @rapwirFutchatactePised in that the polled
nutritional values conprise the current delivery rate of the nutrition
supply unit (15, 52) enbodied as a punp, the type of nutrition and the

car bohydr at2. cGheentg@tddnatherieofmed 9n The:iSystem asolaivmd 445 any one
of the preckgadj ng clﬁi rpi1 characterised in that}cthe i nput unit (14) includes
an input unit" (60) For-iSTput TG tHe fead®Pedor dEAPCHIAIEd NCSUPE2B bl ood

gl ucose | eved si(58)iandkonanud i thonalpyaliues (59 nand byt herreayn 1
person-specific values such as body weight, age of the person and su%h
data. 10.7€FHE s§&t éftas?kl dicmsd inanyneneisf 4w or eveding 1d.ai ws) ,

characteriged; by, an, alarmupit, for emifti i syal . ar oustic. alarmto
an operator (53)ai ndi catlﬁr&rﬂg t%gt qi6t' iqls3t’tiérr1@ %%i‘ﬁﬁear%égs%%eeneantt 3(%%1%3"5 of the
bl ood gl ucuse ireveli(58)1uam the bl ood stream 11. A nethod for nonitoring
and regul ating bl ood glucose levels in a blood streamusing at | east one

insulin supply unit and at |east one nutrition supply unit, the nethod

bei ng for icantme lidighddesat -1 gastaong tnsuhi n1supply, unid, and,.optional Iy,

the at |least one nutrition supply unit, the nmethod conprising the follow ng

st eps: in that the output calculated insulin wvalues (55) are
transferred (35} to an insulin supply unit (18, 51) or

input therein.

14. The methecd as claimed in any one of Claims 11-13,
characterised in that the output calculated nutritional
values are transferred to the nutrition supply unit (52) or

input therein.

15. The method as claimed in any one of Claims 11-14,
characterised in that the step of determining (1, 20, 37,
38} the nutritional wvalilue includes the foliowing:

- polling (9, 37) a delivery rate, the type of
nutrition (10) and a carbohydrate concentration (19, 38)
from the nutriticen supply unit (15) by the control unit
(16),

- calculating {11, 39) the carbohydrate rate as
nutritional wvalues from the delivery rate, the type of
nutrition and the carbohydrate concentration by means of

the control unit (16),



starting (19, 36) the at |east one nutrition supply unit(15,52)for directly
or indirectly supplying nutrition into the bl ood stream det er m ni ng
(1, 20, 37, 38) at least one nutritional value of the nutrition froma
plurality of data transferred by the nufsition supply unit (18CSEDN to a
control unit (16, 56), transferring (5, 28) neasured bl ood gl ucose

| evel s (58) present in_the_blooqﬁgtre mto the control unit (16, 56),

cal cul ating (6, 1372895 4difg a%fﬁeag? &ﬁéboﬁﬁpﬁﬁﬁﬁbﬂéﬁ*%a¥%et%SQ), a
new i nsul i fa vahug: (68) vand, (if7)appld cable, 2 new nuiritiongl, value;as a
function of jts effect on blood glucose levels and as a function of the
previ ousl yVaedeR¥r@dd bl bbd2gPutesel ¢ evietv (58 r bylapahsveluaseal cul ation unit
(17, 57), and MCSUP 24 - outputting (6, 33) the cal cul ated new
insulin values (55) and, if applicable, the calculated new nutritional

val ue by n¥ans idfe ameobbtputaunictlai6e). i:12.arFheonet hofl asadkai nmed-im, C ai m
11, charaq&ggégggagn tQaL itwfu§ther conprises.a step of deternining at
| east one THSUTT N Valte s¢ faresupiliced 6% He i 08d “&t r ¥am by Smeansy of t he
at |east aneidmsulide supptyeupitsba8anbl)ynesaiidecal culatdng steps(6;; 13,

31) using also the at |east one insulin value. 13. The nethod as clai med
in dai m ¥ 0ort42,2 thatdet erie ettt ¢hat tthel bt pter cad teat ethd nslti n

val ues (55)7arg.d ransferded: (3p)1.40 an insulin supply unit (18, 51) or
i nput therein. 14. The nmethod as claimed in any one of Cains 11-13,

characterised in that the output calculated nutritional values are

transferr t 0.t he i tian suppl nit (52) or_inp herein., 15. The
met hod as%grai%% f%g%%§goﬁ€ 0 4 %?#B]fﬁ-fﬂg c%%?aéﬁ%r#ééamﬁn that®1 he
step of determicniend sl 20, Ihat38)riHeche ruut rihional i sl ue jacldles, tthe
fol | ow ng: - polling (9, 37) a delivery rate, the type of nutrition

3 . yP!
(10) and &3¢ M RCTE oRCBNIMAL IR OPL B UEEBY Y f BBATt He Snutii i oriEuppl y
unit (15) thy the eentd:ols ity (lohanges its _1013) J Ng(l11,5,39) the
e de

carbohydrate rate as nutritional valués fromt i‘'very rate, the type of
nutrition and the carbohydrate concentrati on by nmeans of the control unit

(16), 18. The method as claimed in any one of Claims 11-17,
characterised in that an operator (53) is alerted by means
of an alarm unit (63) disposed in the contrel unit {56) to
indicate that it is time for the next measurement (54) of

the blood gluccse level in the blood stream.

19. The methed as claimed in Claim 18, characterised 1in
that the operatcr (53) 1is alerted by means of the alarm
unit (63} in the case of & change to the supplied

nutritional values, which was not predetermined.

20. The method as claimed in any one of Claims 11-19,
characterised in that the values output by the calculation
unit are displayed to an operator (53} and confirmed by the

operator as applicable.



MCSLLP 25 - transferring (12, 14) the carbohydrate rate to the
calculation unit (17) for calculating (13, 31) new insulin values and, if
applicable, new nutritional values. 16. The nethod as cl ai gtz any one
of ‘Cl:aims 11-15, characterised in that rson-specific data such as body
wei ght, age of the person and the like ™are input (2, 3, 4; 22, 24, 26) into
t he contro£ unigﬁ%lG) Lor calculating (13, 31) the new insulin values. 17.
The net hod?hs cI'& nB8 PRy offd 26f 8 alfs 21 16" echat adtleritgedlin2Phat t he
new nutritionakcvaluesqarg aalgulated.when; { ey nubEiti %@yppé% Hpi Lo (15)
interrupts the nutrition supply or changes its delivery rate ( %. 18. The
met hod as @i Fedvishlany tonecdf tOlcaimead4rdy, dlvacacy erised ilevhat ian

oper at or (5§9r%§ alerted by means of an alarmunit (63) disposed in the
control unit ( 63 toindicate that it is time for the next neasurenent (54)
of the bl ood glucose level in the blood stream 19. The nethod as cl ai ned
in Caim1l8, characterised in that the operator (53) is alerted by neans of
the alarmunit (63) in the case of a change to the supplied nutritional

val ues, which was not predetermned. 20. The nethod as clainmed in any one
of Cainms 11-19, characterised in that the values output by the cal cul ation
unit are displayed to an operator (53) and confirned by the operator as
applicable. oLLP 26 21. The nmethod as clained in any one of Cains 11-20,
characterised in that a plausibility check with regard to the plausibility
of the measured bl ood glucose level is carried out.



