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A device for the central controlling and/or nd%Qkaf@ﬁ@”of

The instant invention relates to nedi cal systeq&uﬂ?g?\{wz’
particularly to systens of infusion punps used to adm nister meditahts to
pati ents. In hospitals and other nedical institutes, the
ad- mnistration of medicants, vitamns, nutrients and the like to
patients is commonly per- fornmed through infusion punps by
the intravenous route, i.e directly into the blood of the patient. Infusion

punps are commercially avail able substan- tially in two types.

the first type,

a syringe punp is arraﬂged to advance a syringe plu

at a controll ed advance speed to thus performthe intravenous
of the contents of the syringe. According to the second
type, punps exists by which an infusion fluid arranged at an el evated | evel

adm ni stration

in an i nfusion

9
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bottle or an infusion bag is

A device for the central controlling and/or monitor-

ing of infusion pumps

The instant invention relates to medical systems and
particularly to systems of infusion pumps used to
administer medicants to critically ill patients.

In hospitals and other medical institutes, the ad-

According to

ng- er

ministration of medicants, vitamins, nutrients and.

the like to critically ill patients is commonly per-
formed through infusion pumps by the intravenous
route, i.e, directly into the blood of the patient.
Infusion pumps are commercially available substan—
tially in two types. According to the first type, a
syringe pump is arxanged to advance a syringe .plung-
er at a controlled advance speed to thus perform the
intravenous administration of the contents of the
syringe. According to the second type, pumps exists

by which an infusion fluid arranged at an elevated .

level in an infusion bottle or an infusion bag is
administered by a pump at a controlled supply rate.
In the description hereunder, the term "Yinfusion
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admi ni stered by a punp at a controlled supply rate. In the description

her eunder, the term "i nfusion 2 punp
is.to be understood as referring to both types of punps. I n nmodern
hospital environnments, it has becone an ever nore custonmary practice to
adm ni ster nedi cants not manually by nmeans of a syringe anynore but, in-
stead, to prepare predictable doses of neddcants in a manner suitable for

i nfusion punps and to use such punps to adm nister the nedicants to the
patient. Adm nistration is often set to be perfornmed at a constant supply
rate but can also_be perfaornmed dis- continuously or,according to a supply
profile with vari%E?@psh%dVgﬁﬁhPQ%efﬁggoﬁréﬁu€ﬁ¥eFBﬁF9nF9gﬁ°§$-t¥9¢%ation
of infusion punpsofepsuhps.in a situation where, in a nodern intensive care
ward, an intensive care set has about a dozen infusion punps connected
thereto. In intensive care of critically ill pa- tients, e.g. in the

t herapy for patiefe wodsrhedospditedasnyiranmentsot itnf hagudieidomet ben case

t hat a nunber of Pugdy | AS AHRS+ L, S, %6

previ ous state ofé?%e ar t?%ﬁdﬁf#’zgggceg%st?oag@Tﬁ?gg\n%hm?ﬁ%%{kﬁser

medi cal devi ces BPRCRRRIALLY HeY | TR oo & X HEP RRMeFR e 1 o
congl oner- ation gfeiddi ¥ dpPépaP AP AddS@Sab M ddse U¥W rMédfbé}H{@rﬂ?s ot her
factors consi derabl affects,#ﬁq er- gqonam ¢s and the operability o

i ntensi ve care wof Kiapfel ALt iercIlélgPW@HeEE?‘Pﬁeﬂngnt@n‘ﬁﬁ A4tech-

ni k" 1/96 pp. 7- lgumpsdtboadwdmieter’ adsonmedicdtrs masd thas heeiemxpr essed

for standardizatign and.S¥S$rion is often set to be performed at a

constant supply rate but can also be performed dis-
continuously or according to a supply profile with
variable supply rate. This frequent routinized ap-
plication of infusion pumps results in a situation
where, in a modern intensive care ward, an intensive
care set has about a dozen infusion pumps connected
thereto. In intensive care of critically ill pa-
tients, e.g. in the therapy for patient with heart
diseases, it is not infrequently the case that a
number of as much as 20 infusion pumps is exceeded.

.In the previous state of the art, all of these pumps
together with the other medical devices attached to.
the intensive care bed have amounted to a conglomer-
ation of individual apparatuses, which along with
numerous other factors considerably affects the er-
gonomics and the operability of intensive care work-
"places. This is clearly described in "medizintech-
nik" 1/96 pp. 7-11, and for various reasons;,; a de-
mand has been expressed for standardization and sys-
tematization. Further, in the same article, the flu-
id system of the company B. Braun Melsungen AG is
mentioned as a partial solution for the handling of



termati zation. Further, in the sane article, the flu- id systemof t
conpany B. Braun Ml sungen AGis nentioned as a partial solution fo

handl i ng of

3 i nfusi on punps.
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fluid system the problema- tics with regard to workpl ace ergonom cs and
clear layout are addressed by providing a plug-in systemfor the individual

I nfusi on punps
a display unit,

in a holding plate, and a alearly surveyed displ ay,
of the operating paraneters of each individual infu

shown in
si on

punp together with further pa- rameters of the patient. To lend flexibility

to the system
the respectivel

connect i ons est aly; dd Shach aHEQaB | €3 Jvé{rkplfcé’oén?égh&hié‘s

i nput of paraneters rel ated to I nfusi on punps,is descr

‘4,756, 706. The

i ndi vidual infusion punps can be added to and renove
y ind@isdare PyRsy- iR dikiss £1lwich systenetly arobdema-

d from
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t he

fromthe central 1.0 th brst g | O e rd to
respective next it d‘é’llon &u?rlpgfé%szloeﬂs{g"g@ ﬁ%eéﬂ%éﬁnguﬁﬁﬂg pﬁ’ s on top

of each ot her.

Qramsiteysactf ddle patsiedsr. alicoAendefdegibiidgtyhso the

accessibility of &aflad, ”dirYdﬂH?duaiI‘fi'ﬁft‘i’%Jr "Budpd St 5 cadhLal v

this stacked arrange- nent appears suita
ten infusion pum@dd meMeves | ﬁ%ﬁdﬁﬁﬁ@ecﬁﬁge

{ up to a nu
y dedicated plug-in

sites, with the energy and data connections estab-
" lished automatically.

A possibility for the central input of parameters
related to infusion pumps is described in U.S.-
Patent 4,756,706. The inputting of these parameters
is performed on a'central unit which, in a stack-
like arrangement, is mechanically and electrically
connected to the infusion pumps and exchanges data
with the latter. A massive -disadvantage of this sys-
tem is caused by the one-dimensionality of the ar-
rangément because the mechanical and electrical con-
‘nections from the central unit to the first infusion
punmp and then onward to the respective next infusion
pump are established by stacking the pumps on top of
each other. Out of practical considerations regard-
ing the accessibility of each individual infusion
pump and of the central unit, this stacked arrange-
ment appears suitable only up to a number of about
ten infusion pumps. In practical handling, the
stacked arrangement causes the further disadvantage
that the removal of an infusion pump arranged in the

nit,

about

middle of the stack requires a partial disassembling



stacked arrangement causes the further disadvantage that the renoval of an
I nfusi on punp arranged in the mddle of the stack requires a parti al

di sassenbl i ng

4 of the stack an

subsequent renewed assenbling. In practical use, this presents a
consi der abl e di sad- vantage since, as detailed further -hereunder, su

system of i nfusi
dynam ¢ system

on punps as used in a customary hos- pital environne
A third con- siderable disadvantage of the describe
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enbodi ment resides in that this systemrepresents an island solution which
does not allow any neans for estab- |ishing data comunications with
devi ces not bel ongf thg 3erehand st swbsparentr repaved syesembhirassin at es
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a nore conveni ent way o progrann1n% each i nfusion punp as conpar

89 Rl e (TSt ihp Fresber, this system necessitates
the use of special infusion pumps suitable for
stacking. The use of existing pumps will normally

not be possible.

In the past, a number of approaches has been pro-
posed for providing the individual infusion pump
with means for data communication and for utilizing
said means in a suitable manner. An illustrative ex-
ample is given in U.S.-Patent 5,376,070, related to
a communications controller for data communication

with an individual infusion pump adapted to have

to a

said controller detachably connected thereto. Thus, -

all of the individual infusion pumps can be pro-
grammed succéssively and will then operate individu-
ally after detaching the connection to the communi-
‘cations controller. This system does not allow for a
truly centralized controlling and monitoring but
merely offers a more convenient way of programming
each infusion pump as compared to a programming per-
formed on the pump itself.

A further aspect in this regard is described in
U.8.-Patent 5,681,285 related to an infusion pump



A further aspect in this regard is described in U S. -Patent 5,681, 285
related to an i nfusion punp 5

provided with an el ectronic nenory, wherein said nenory can be | oaded with
a Iist of nedicants and the user can select a nmedicant along with its
apper- taining paraneter fromthis nedicant list. Since, in this

enbodi nent, the actual handling process i ssnow as before perforned on the
i nfusion punp itself and since a connection to the externally conpiled
medi- cant list is established only in relatively large tine intervals,
said centralizing aspect is largely | acking. Further efforts were
untertaken in di vreeidedodiithnean s eBpchifPRACHEEMOM s ¥BArainedaid a

syringe or an i nfiusiOR, besh | seWalcad@d sy @e i Nnet s€adabkRdiFaing sWashd
frequently performed by printed _bar codes.adaEt- ed to, be detected by neans
connected to the §18 1§ GIhPFIeH PePERSCRRE RSV HR rihtEPPESaNDI es

t her eof | ar? gi vercdihid® g amdiade frond tH18, de8iseadt flﬁéﬂ. E@ﬁmé\{oriqpvgr ,

particularly in the nore recent past, exa s of..._nfusion punps can be

P ound whi ch’ar o FUoA duEbSSFienG ee, ATGI, diarblhicty diHoReF T fate:

actual function -asvbdfdrmopenfisried omcrlsasinfiuggdrheumhartddlfy and

conveni ence by inplenmenti - f t'gp§. SE ples is
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i nfusion rates tocdnt cafighl disecestvdokidheg tonin- ipurelpsivedyed dngd he

user. time intervals, said centralizing aspect is largely
lacking.

Further efforts were untertaken in diverse embodi-
ments by which medicants contained in a syringe or
an infusion bottle were made machine-readable. This
was frequently performed by printed bar codes adapt-
ed to be detected by means connected to the infusion
pump or directly integrated thereinto. Examples
thereof are given in the U.S.-Patents 4,978,335 and
5,317,506. Moreover, particularly in the more recent
past, examples of infusion pumps can be found which
are provided - in addition to the means required for
their actual function - with functions for increas-
ing their handling convenience by implementing fur-
ther functions. One of these examples is U.S.-Patent
5,609,575, related to a computer for the calculation
of infusion rates to be calculated according to in-
puts performed by the user.

To appreciate the advantage of a central infusion
pump monitor, it is to be considered that the pres-
ent complex infusion pumps can comprise as many as
19 individual keys for actuating the numerous func-

- tions. Normally, some of these keys have multiple



Toappreci ate the advantage of a central infusion punp nonitor, it is to be
considered that the pres- ent conplex infusion punps can conprise as many
as 19 individual keys for actuating the numerous func- tions. Normally, -
sone of these keys have nultiple

functions assigned thereto. Assunming a nunber of merely 10 infusion punps
on an intensive care bed, a nunber of 190 ¢ ndi vidual keys wll have to be
pro- vided for operating this system Further, each infu- sion punp is
provided with its own optical display device, its own optical and acoustic
alarmsystemand its own interfaces with superordi nate systens for hospital
data acqui sition Ewectignal [Hsfdonedr -thejestat | Resunheguser nimberf 2e% of an

i ndi vidual in- fugipom pUp HASSHEA ou@edbn 1h£éﬁsm§ 8RAETHed, a

requirenments with respect to _ergonom.c criteria ause the fi nanci al

margin for the indWpPekaPti APO- 1§ﬁ6ﬂlsﬂﬁ% F§Y§eW}%ﬁa % tQofalBYO-

therefore, use isyi@e@ B&t Yordraiify Q:Hi‘.@n@?btéﬂe Eh@hnemreéa@hlimfuui d

di splays or seven-digit |ight diode displ, Si nce, ot her_ hand, the
possibility to inpte® RERP éﬁeprﬁﬁ’ﬁgeﬁlogﬁ%}éx %n&"ﬁnor%’ Csag‘ P13¥ usi on

punps - as render@evpessi hite lown nMpstoleaiensisd i acoastiputalagncapastdy - has
reveal ed a_distinct d| cr Nx e at__l i II 'bIe and
reve Sha LB SR inf PELLE R PR e RRl R | e

i s reasonabl nana eabl e NEW appr oac hIS
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accel erate the communication with the sys- tem Further, such a central
i nfusion punp norfestoRaRER tpﬁﬁggﬁl*ﬁhé P3T8Yi Fukit ks afbgndedesmci al

expenditure in thﬁeqaﬂraméﬂaé wﬂiusr@@p@wpw netddioniw®seritmeid apal

el ements which argaggé %1nan¥1al margin for the individual infu-
sion pump is very narrow. Normally, therefore, use
is made only of simple monochrome alphanumeric lig-
uid displays or seven-digit light diode displays..
Since, on the other hand, the possibility to imple-
ment ever more complex functions also into infusion
pumps - as rendered possible by improvements in com-
puting capacity - has revealed a distinct. discrepan-
cy between what is technically feasible and what is .
reasonably manageable, new approaches should be
found in this regard. On a central infusion pump
monitor, a comfortable, modern graphic user inter-
face can be installed which will significantly im-.
prove and accelerate the communication with the sys-
tem. Further, such a central infusion pump monitor
makes it possible to avoid. material and financial
expenditure in the individual infusion pump in that
those functional elements which are not positively
assigned to the actual pump function are completely
or partially arranged externally of the infusion
pump, which ultimately - even in consideration of

the expenditure for the central infusion pump moni-



‘assigned to the actual punp function are conpletely or partially arranged
externally of the infusion punp, which ultimately - even in consideration

of the expenditure for the central infusion punp noni-

7" tor - can result in a reduction of the costs for the overall system

Exanpl es of functional elenents that are not assigned-to the actual
function and can thus be wholly or partiaVly renoved to sites exter-

punp
nal of

the infusion punp, are the input keys, the display device or the power
pack with accunul ator. Likew se under financial aspects, one mnmust consider

the recently established obligation to exactly |ay account for each
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of the medicants administered by infusion pumps is
updated almost exclusively manually. By use of a
central infusion pump monitor, the connecting of
infusion pumps to a superordinate patient data man-
agement system or a hospital information system is
considerably facilitated because. only a sole inter-.
face exits for connection of a large number of infu-
sion pumps. This results in the convenient possibil-
ity to automatically document the administration of-
medicants to an intensive care patient for medical
and accounting purposes.

A further application for such a central control of
- infusion pumps lies in the field of anaesthesia. In.
this regard, efforts have been made for several

years to replace gas anaesthesia, as of yet the usu-

ally practiced form of anaesthesia, by intravenous
anaesthesia. Among the reasons herefore are the in-
creasingly reduced limit values for the concentra-
tions of anaesthesia gases allowable in. operating-
theater workplaces, the thus implicated prohibition
to have pregnant persons work in the field of anaes-
thesia, and the comparatively small side effects of

ve
cation

s to

are the



ti ons of anaesthesia gases allowable in. operating- theater workplaces, the
thus inplicated prohibition to have pregnant persons work in the field of
anaes- thesia, and the conparatively snmall side effects of :

8 T~ intravenously adm nistered narcotics. Further rea- sons for the use of
the so-called all-intravenous anaesthesia reside in the financial aspects
since, in place of a conplex and expensi ve anaest hesia ap- paratus, there
are needed only a relatively sinple and i nexpensive respiration device and
several cus- tomary infusion punps, and in environnental aspects since al
the anaesthesi a gases used are suspected to have danagi ng influences on the
earth's ozone | ayigttravermussiy hadinind stéred snarerisiehacEunbben, raa- east

three infusion p afSr! eHEI Rl v%aéfClahféne_aceam@da%tmalin%%%h%%%i a, the

anal gesia, i.e. the deacti- vation of consciousness; the analgesia, i.e.
the dininution ofenaeathesiri¥esids: imnbhenéinanetal r 8sPpakat FdRCS . e. the
easi ng of tensiony pHidte BB aSomplidic rdd @xingivac ansiebthbisan iap-
anaesthesia is presentlg'd term ned sub&tgntiglléebé t%o nEdicaI evi ces,
the patient noni tRATFHE Uy N hBEGPER| OPLY afte FELECE¥RLYbFIB® S essur e,
oxygen sat ur ati orarfl Cinexgehdihe aragsidsdion depdcat andf eeveetlalouan- :
aesthesia and respiration..so that the an het | | nicate with
superordi nate sysqyﬁ§¥r%§§¥é§?ﬁ %Hﬂé%@?%ﬁgﬁﬁﬁ%&ké&'g@?bﬁ%ﬁggggﬁéQﬁBfer
this principle ofsiopsr aalbnthe ahkeshheal@ngaseanusedheresisaspdickeidnput and

out put device for,. al t i n-_ f usi ins e f he st hesi a
vor B v oot 0 5, T S EMTOPR Ll el o e
ayer.

For such an all-intravenous anaesthesia, at ieast
three infusion pumps are required which induce the
actual anaesthesia, the analgesia, i.e. the deacti-
vation of consciousness; the analgesia, i.e. the
diminution of pain semnsitivity; and the muscle re-
laxation, i.e. the easing of tension in the muscles.
Since the workplace situation in anaesthesia is
presently determined substantially by two medical
devices, the patient monitor for surveying the vital.
parameters ECG, blood pressure, oxygen saturation
etc., and the anéesthesia apparatus for actual an-
aesthesia and respiration, so that the anaesthetist
will communicate with superordinate systems instead
of subsystems, it is desirable to transfer this
principle of operation to all-intravenous anaesthe-
sia. The input and output device for all of the in-
fusion pumps installed on the. anaesthesia workplace
should be provided as a ceﬁ;ral infusion pump moni-
tor. This would not only render the system more eas-
ily surveyable but would also facilitate the docu-

mentation which in anaésthesia is prescribed by law



tor. This would not only render the systemnore eas- ily surveyabl e but
woul d al so facilitate the docu- nmentation which in anaesthesia is
prescribed by | aw 9 and whi ch .
presently in many cases is still performed manually. Wth regard to the
anaest hesi a wor kpl ace, also U.S. - Patent 4,741,732 is of inportance. Said
patent de- scribes an approach for nmaintaiming a specific arte- rial plasm
| evel , set by the user, of a nedicant, e.g. a narcotic, which is

adm ni stered by an infu- sion punp. The approach is based on previous
serial exam nations_of a nunber of probands sufficiently large for
statistic eval uata®h whEighs Fgsantdunipamany oppegs aisettd 1l opetformed
physi ol ogi cal pregeagas,y.fol- Iowed by use of the nodel on any desired
patients while inputting paraneters, e.g. the patient's body weight. It is
described that all of the functions are set directly on the infusion punp,
with a resul - tamittomalgexid yoothehengewthedid tWsrkp M@, usid urer.e than

the paramoters, Sy oltn il TAE T o | HRRoBteRERy | Shbd PBESPRpGe- ted on
each individual issnigiesn apuapprobsh fgai msintdisimmek gpeamidic areentral
out 1 ned State of e BT o AT B vl GEnR BRdlsatov: do a
de- vice for the€céht raalnaxsntiist ] iwhkyiclhintg oadmbnisvered by anf dsifas punps
which al I ows for o3 P ). G dpfpRlaloh0BPBLERN B Bired1Bhd’ Felli%f
examinations of a number of probands sufficiently
large for statistic evaluation, subsequent genera-
tion of a model of the physiological processes, fol- .
lowed by use of the model on any desired patients
while inputting parameters, e.g. the patient’s body
weight. It is described that all of the functions
are set directly on the infusion pump, with a resul- .
tant complexity of the pump. Further, when using
more  than one medicant whose supply rate is con-
trolled according to such a model, the parameters,
e.g. the body weight of the patient, must be input-
ted on each individual infusion pump. Also against
this background, a central infusion pump monitor
would offer advantages. -

On the basis of the above outlined state of the art,
it is the object of the invention to provide a de-

- vice for the c¢entral controlling and/or monitoring
of infusion pumps which allows for a central con--
trolling/monitoring of a plurality of infusion
pumps, is produced in a simple and inexpensive man-
ner, offers sufficient flexibility with respect to
the number and arrangement of the infusion pumps and
provides for high reliability in handling.



pumps, is produced in a sinple and inexpensive nman- ner, offers sufficient
flexibility with respect to the nunber and arrangenent of the infusion
punps and provides for high reliability in handling. .

10° The present invention avoids the essential disadvan- tages of systens
of infusion punps according to the present state of the art, and a nunber
of advantages are obtained for the use oftOsuch a system The pres- ent

i nvention conprises a central infusion punp non- itor for controlling and
nmonitoring two or nore in- fusion punps. The central infusion punp nonitor

in- cludes one or a plurality of .njcroprocessors with assocjated program
and data menori e¥hesRTQEENE AR AN AYSigeaChey e seeaF 3l Sflerdvanput

units. Further, pgge8ro@ ByHtahit ¥fOofinfasdok OpRRSS | ABGoBAEnPrEyided bet ween
the central infusion noni t or_.and the infusion gﬁggﬁ connected thereto.

u
The central infuprgﬁﬁﬁtggﬁﬁtﬂn tite @t i ROCLAePHMR PAEYRREROSE bat tery
for its owm powearsupptyinsd for tihe ypawerf suph ¢ efsabh. t Te gereect ed

i nfusion punps. The cen- 'P§g§i u it |.SsalLr to out put
control instruct?%ﬁslﬁge%ﬁig%fé %%%%E%E%E in ughgpgﬁgédﬁggsgﬁﬁlto
recei ve responseitiaraférogonhredlifigeanddnonivatringf ted ovr puwomps tme at al l

times rel - easab to S ' | nmeans for
el ectri cal conne%%?géﬁgg?@ggh ?ﬁ% ?ﬁﬁ@ %%r%%fﬂﬁﬁ%éq%ng tﬁgiggﬁ%ra i nfusi on
punp noni tor. Theludasr &N s oR1pEAPLFEniaioMEPRRORSRAE witgel v at

any desired posi j508c28€ed SpPO§raR End &htD rRuRaelf,| 65PRSLLI 88 SR this
support; instead, It can be,nDunteg,éﬁfarately,fron1the suggort, e.g. on
the patient's befY FhBLESAPLEYOSySie8RIRY PBFt ABPRE PR £ usi S Bnpl et el v

or partially acceapasy ahplpahlecy svbedatlecpahéeviohasate pryeidéd a
different between the central infusion pump monitor and the

infusion pumps connected thereto. The central infu-
sion pump monitor can include a power pack and a
battery for its own power supply and for the power
supply of all the connected infusion pumps. The cen-
tral infusion pump monitor is arranged to output
control instructions to all of the connected infu-
sion pumps and to receive response data from these. -
The individual infusion pumps are at all times rel-
easably attached to a 'support which also comprises
the means for electrical connection between the in-
fusion pumps and the central infusion pump monitor.
The central infusion pump - monitor can be placed
largely at any desired position and is not confined
to a specific position on this support; instead, it
can be mounted separately from the support, e.g. on -
the patient’s bed. The complete system is portable
and thus can completely or partially accompany the
patient when the patient has to moved to.a different
site. The central infusion pump monitor comprises
means for computing the infusion rate to be supplied

from each of the connected infusion pumps. For this .



site.” The central infusion punp nonitor conprises neans for conputing the
I nfusion rate to be supplied fromeach of the connected infusion punps. For

this conput ati on, use can be made of patient- or nedi-
cant-rel ated paraneters inputted by the user and of algorithnms permanently
stored in the menory of the central infusion punp nonitor. What IS

essential is the visual and preferably graphic representation, displayed
in the display units, of the topol ogy of the connected arrangenent of

i nfusi on punps, the possibility for the inputting of control instructions
and control paraneters on,the central infusion punp nonitor or - in

restricted form -CYRPRERRLPAI YPEUSPAD Mreudhasde pehpPakihenthe oFi sy of

operating par anet east apdl yedd esatindther< onaaiedl IBY UHOMdUP R4 b he

di splay units of tfe centr al infusionjugung nmopi tor. A further feature is
the connecti bilit9 PPETHEME REFHFRTRT 1B oﬁﬁ‘gplﬂnﬁhei fsfory @dcdrhent at i on
devices, e.g. a hospttal imfuddodgiungn wysitsR. to printout devices, which
may.al so be integrated into the central infusion punp nonitor, and to
signalling devices, e.g. a nurse call system Further, a possibility exists
for the connecti dfhat  dddi esseatidévi tes thiw cisbel iandstmredmraldnf orm a

measur enment on t My f 1 Wl Lon, owi.ng r |_anci ng of
the patient's in[%lr(e an% ou p&t%leg?b??%%lds.d%?gér& p\gﬁg- Eii;%l I(fitsf%)glsay? or

connection conpri%Ri®si of the wRekegerkidwh dommdtac menessians
technol ogy whi ch,ofrefetieith Winpef, exanpbssibititiferd, ass if}@ﬂ}t%ftwnga g
ntTol -an

keyboard, a nouse,_a bagrggde reader ,and prinpter,  a renpte c

devi ces for data $&nGPB nSSETURELOPS 3k cCfRbiRbsPREAMBESE At &Ff at e

into the cen- the central infusion pump monitor or - in restricted

“form - on each individual infusion pump, and the
display of operating parameters and values of the
connected infusion pumps in the display units of the
central infusion pump monitor. A further feature is
the connectibility of the central infusion pump mon-
itor to documentation devices, e.g. a hospital in-
formation system, to printout devices, which may
also be integrated into the central infusion pump
monitor, and to signalling devices, e.g. a nurse
call system. Further, a possibility exists for the
connection of additional devices which, for in-
stance, perform a measurement on the body fluid
elimination, thus allowing for a balancing of the
patient’s intake and output of fluids. Further pos-
sibilities for connection comprise all of the devic-
es - known from data processing technology which,
merely by way of example, include a mass memory, a
keyboard, a mouse, a bar code reader and printer, a
remote control and devices for data remote transfer. .
All of these devices.can be integrated into the .cen-
tral infusion pump monitor as. well as be connected
externally thereof.



tral "i nfusion punp nonitor as well as be connected externally thereof.

12 According to the idea of the invention, it is not rel evant whet her
the central infusion punp nonitor is an independent device or whether its
funhction is integrated into a different device, e.g. a patient nonitor for
monitoring the vital paraneters, a res- piration device or a data
processi ng device prefera- bly serving fae other purposes. Further, the
central infusion punp nonitor can be arranged within a sole housing or have
its functional units distributed anong a plurality of housings. The
invention will now be_expl ai ned irhﬁreater de- tail with reference to the
enbodi ment s showhceardhed degwithg. ideg f 1the anverbien, aibxdmpinaty

arrangenent of arelevant #HE&EREYOEnENtWsited1PUMFNsionFighime? mdrSitdSchematic
view of an exenplary

i nf usi on 1PHudp %ﬁ%gg‘?d%ﬁ @%Yﬂ?é%iq?%ﬁ‘gﬁ?o%“g‘%;?%g‘%{]cagnenj:[Sr :

devi ces; Fig. Sntégrape@xenpbany difffelrefitadicarice!, @ .eantd atient

| nfusion punp ”Dﬂg£££¢%CE8£d$8§ié8}{E§ EﬂgsGital paré%gtéggcﬂglégg—
piration device or a data processing device prefera-
bly serving for other purposes. Further, the central
infusion pump monitor can be arranged within a sole
housing or have its functional units distributed

among a plurality of housings.

The invention will now be - explained in greater de-
tail with reference to the embodiments shown in the
drawing.

Fig. 1 is a view of a exemplary arrangement of a

system of infusion pumps;

Fig. 2 is a schematic view of an exemplary system
of infusion pumps with a central infusion
pump monitor and connections to peripheral
devices;

Fig. 3 is an -exemplary block diagram of a central
--infusion pump monitor according to the pres-
ent invention;

Fig. 4 1is a view of an example of the input menu
for the .setting of parameters for an infu-
sion pump;



Fig. '4 is a view of an exanple of the input nmenu for the setting of

paraneters for an infu- si on punp;

13 Fig. 5is a view of an exenplary visual display for an

i nfusion punp within the system of infu- si on punps; and Fig. 6
Is a view of an exenplary visual display for t:he system of infusion
punps, conposed of a plurality ofl¥isual displays according to

Fig. 5. An exenpl ary arrangenent of a system of infusion punps 101A-101C,
102A-102F with fluid reservoirs 105A-105C and infusion lines 104 is
illustrated in Fig. 1. Arrangenents of this type are already_in practical
use in hospital &&€-rSnndM & YABYWCAR e SHEVRIRE YdRdiadg ddsPlhy £e%pecti ve

nmedi cal require- nment. |rn GaFRisQbonCihutdoCaikhihl thenkgBEEMEcEARGFRAL i ents,
for instance, the nunber qf syringe punps 102A- 102F coul d be increased or a
second stand 103 with inﬁiﬁnoi’uﬁ‘ﬁ’%ﬁsa | d be arranged next to the first
one. It will be obvious that the nunber of possible variations of the

i nstant arrange t ract | | yeunlimt l.S..r.esty.i cted

substanti al - ?yng:ﬁ‘l%/ bG)S/ %%acg?ﬁgkrégt%n%er@gﬁ%tﬂl ulaglnd&fSp R ﬁéjghani cal
support for the infusionthensysten lof tindusdobepunpsi nftosposepgumfs a
According to an essentialillalmq_cittyofof h%iﬂﬁﬁie@isbﬂhféenéég&dix@ﬁ tt%pol ogy

of the systemof infusio
Fig. 5.

An exemplary arrangement of a system of infusion
pumps 101A-101C, 102A-102F with £fluid reservoirs
105A-105C and infusion lines 104 is illustrated in
Fig. 1. Arrangements of this type are already in
practical use in hospital environments and can be
varied depending on the respective medical require-
ment. In .case of critically ill intensive care
patients, for instance, the number of syringe pumps
102A-102F could be increased or a second stand 103
with infusion pumps could be arranged next to the
first one.. It will be . ocbvious that the number- of
possgible variations of the instant arrangement. is
practically unlimited and is restricted substantial-
ly only by the constructional configuration of the
mechanical support for the infusion pumps and by the
number of infusion pumps.-

According to an essential aspect of the present in-
vention, the topology of the system of infusion
pumps, i.e. the épatial arrangement of the individu-
al infusion pumps within the system, is not rele-
vant. It is merely required that the topology of the
gystem is known to the central infusion pump monitor:
or to the central control and/cor monitor unit 110.



punps, i.e. the spatial arrangenent of the individu- al infusion punps
within the system is not rele- vant. It is nerely required that the

t opol ogy of the systemis known to the central infusion punp nonitor or-to
the central control and/or nonitor unit 110.

14 This can be acconplished either by automatic recog- nition of the
topol ogy or by manual input of the topolagy or by a conbination of both of
said op- tions. Since, for an intensive care patient, the nedical
necessities will change over tine during his stay in the intensive care
ward, such a system of infusion punps is to be understood as a dynam c sys-
t em wherei n syst 8i€osponde aceompbashadegibher ebynaybamatiicngecogti nued

operation and whepel;BnoRSY athel %pa%gg?t&r %}f]emﬂnugfdiiﬁ:ﬁ‘ﬂts 40 PRe
adm ni stered, adm ni stered doses, the {inme schedule for admnjs- tration
and the |ike. FofOPRI®IeRonPYaR AAMHEELEMe@gnPPFBnodf g3 sgBrem

topol ogy is prefeiahblse t@imcdpnEak i Uint &esped ba@éugfa@ifeﬂﬂle tgduced
effort for operatian aqq the reduced g %or otential ., ,For the sa reason,

t he addi ng and r@ﬁ%&&ﬁ, PESHEBLFVES V&i fCRENgss O¥eTe SAPEnEHE LIRS Bi&f erabl y
performed in sucktayhainnethé hahtonsivé hearecharicalsuahd 4 heyeter- ofric
connections to eacgh, syste opent ,can t i.shed jor _interrupted

wi t hout any furtﬁg%uﬁégp E%ﬁ%gp%g ﬁ%éﬁaﬁﬁgﬁ?%éﬁéc F%e259¥b8W%80ﬁ¥85ent has
been correctly | tekedvtmraire sypipoe t cagponente| eagetiet lealdsfd cowr reSi nce t he
present inventiop.,S40 NeLhES | HrP 3 nRUR sal Lth their
support systens %ﬁgédME?gﬁnﬁaSe af#gg%g;(%gﬁﬁintr8§Ucegr§ﬁﬁtﬁégﬁ§$- ket ,
and does not i nvéRge RAFENFEEEES 1§ F-oriedigantis to be administered,

administered doses, the time schedule for adminis-
tration and the like. For this reason, an automatic
recognition of the system topology is preferable to
a manual input thereof because of the reduced effort
for operation and the reduced error potential. For
the same reason, the adding and removal, respective-
ly of a system component is preferably performed in
such a manner that both the mechanical and the elec-
- tric connections to each system component: can - be
established or interrupted without any further user
activity when the respective system component has
been correctly locked on the support 103 or released
therefrom.

Since the present invention is based on the use of
infusion pumps, along with their support systems-
103, which have already been introduced on the mar-
ket, and does not involve the necessity for a devel-
opment of new infusion pumps and support systems,
the connection between each individual infusion pump
101A-101C, 102A-102F to the central infusion pump
monitor 110 must be established in a suitable man-

ner. According to one aspect of the present inven-



oprment of new infusion punps and support systems, the connection between
each individual infusion punp 101A-101C, 102A-102F to the central infusion
punp nonitor 110 nust be established in a suitable nan- ner. According to
one aspect of the present inven- 15
tion, the identifying of the systemtopography and thus of the spati al
arrangenent of each individual infusion pddp wthin the systemis carried
out through wiring. As shown in Fig. 2, a data connec- tion 220 exists

bet ween each i ndivi dual infusion punp 101A-101C, 102A-102F and the central

I nfusi on punp nonj {or 11191. Vi.,a this data _connection 220, the individual
i nfusion punp 101%9B1cthepsgensirfying ofi fbe systes taragnaptivorand rom t he

central infu- siophpsnpfmehiet @patidlandrangea@nts oft &t i Braddon to
t he central i nfusi o€ %unﬁ noni t or ;H‘xo Sénce, in the,gr esent , epbodi ment,
the central infu-*RFSRiBUmP BRI #oF21T0 BRY HESI §PduSRTF Y siBHE punps

101A-101C, 102A- .1i2dughewirhkgd By ashewar inoFigneet, ed Watangorded-s easily
evi dent that the g- phy.: t e cted .b .

i nterrogati on of tt’e%gﬁ izr%rgiav%:ﬁ% Spg’g’ltt%l)%%l %£%Ee9§gg§§§}lalinfﬂéwoﬁhnp

moni tor 110. The Pwopviadar1Ph€usLBAAPLABF 1804 thel Centd2A- Hodfus ionrer el y
required, in respon®s honBrSPEEidi CviHStRUStAALY | £26: %to%e%{ea'

i nfusion punp nmonjtor 110, tq transmt its status and opera- ti‘onal data or
to initiaté such ¥PEREHIER] oANEHEEPE RWIP WhO - EBHC helBBAel88Ft ivarousl y or

at discrete poi ntGeDfedi 8BntHONCEnsBEuEEs6hEDEdoRbEUE, RnRYLARI; J1Q5Pi t al
envi ronnent demands that the s;élst emb nam cal |l y adaptabl e to nedi cal

e dy-
requi rements, theeXUppBTTP PSP ﬁ?foélpné‘%‘ésit\ré‘n@f“lf:ﬁe Shiaten ¢ rRrdmee
adapted for extensiam wid hithesetehtnal s.infhissctanphrpacasiitsshad dy -

i ndividual el errerglsn@é,ra:[]rgeghéopggs—ent embodiment, the central infu-
sion pump monitor 110 and the individual infusion
pumps 101A-101C, 102A-102F are linked by a star-con-
nected wiring, it is easily evident that the topog-
raphy of the system can be detected. by interrogation
of each individual position by the central infusion
pump monitor 110. The individual infusion pump 101A-
101C, 102A-102F is merely required, in respoénse to a
specific instruction issued by the central infusion -
pump monitor 110, to transmit its status and opera- .-
tional data or to initiate such transmission on its
own, which can be done continuously or at discrete
points of time. Since, as described above, a normal
hospital environment demands that the system be dy-
namically adaptable to medical requirements, the
support system 103 inclusive of the wiring must be
adapted for extension within set limits. This can be
accomplished by individual elements arranged to me-
chanically support a plurality of infusion pumps 101
and/or 102 while at the same time safeguarding the
correct wiring to'each individual infusion pump 101

and/or 102 and to the respective next element and -



chani‘cal |y support a plurality of infusion punps 101 and/or 102 while at
the sane tine safeguarding the correct wiring to each individual infusion
punp 101 and/or 102 and to the respective next el enent and ;
16° fromthe respective preceding elenent. It is also conceivabl e that

t he topol ogy of the systemis pro- vided to differ fromthe |inear
arrangenent and is nade two-di nensional, & shown by way of exanple in Fig.
2. The described star-connected arrangenent of the individual infusion
punps 101A-101C, 102A-102F to the central infusion punp nonitor 110 is just
one possi bl e enbodinment, Further, it is possible _to ar- range this
connection in acddfPanEBewreRPERE 1ysr PsgseAdingo Al sgemt guttat i8nalso

sufficiently knowbddoivslsta tHACagtd MbJAGINOLFI L het sFFstat AR fraul ar
connec- tion, a bus cq?nnec ng or _conbij Fat ons thereof. O essence is only
the clear identifYH#dity B+TESEREFABI TRAUAFPEAY LEFEAREERE 0 2RI G6C,

102A- 102F wi t hi n nidde Styred edd etk idre1n0ss kiblowhy blyo wlagc atfe eixiaeple tiki n t he

t opol ogi cal arrangeneny. t he crib star- e d_arrange t, this
is very sinple a%%’anrg berh?eea ?Szc’%ceiﬁ?eré aset%erl ic%rnee%%n&ngr?rainﬁege&%f ?Dg?ent
networ k confi gur dthenindfvidway énfusiondpgimpsnallApilollCsi AORAMUOREF egar d

o the sof tare, 0adiaiauRnein ledoRencnmp ol CoR esian . Hie svs em

If the user, as explalne ereunder wth reference to Fi anges the

setting of a par @r3xibly ewhrdigienthe Rugithededti ARuPOSS P& bR oper at i ng

an in- put unit 305mgd N UdnnedtWohl 18PREEsrddnde WiiH Bhd Rialrid3d of the
central infusion punp nonitor, 110. Upon confirnmation_of the correctnes
t hrough the user ReHEIRER BRI ARMEGLigRE Ly0sngvy froge data

processing technology, e.g. as an annular connec-

- tion, a bus connection or combinations thereof. Of
essence is only the clear identifiability of each
individual infusion pump 101A-101C, 102A-102F within
the system and the possibility to locate them within
the topological arrangement. In the described star-
connected arrangement, this is very simple and can .
be realized in a reliable manner; in a different
network configuration, this may entail additional
provisions with regard to the software, the hardware
or in he constructional design of the system.

If the user, as explained hereunder with reference
to Fig. 3, changes the setting of a parameter of -one
of the connected infusion pumps by operating an in-
put unit 305, this settirng will appear in a display
.unit 304 of the central infusion pump monitor 110.
Upon confirmation of the correctness through the
user, the two microprocessors 301 and 302 will inde--
pendently from each other acquire and process this
getting and transmit the sawme to the microprocessor
303.. Microprocessor 303 performs a comparison be-

tween the data transmitted from the microprocessors



pendently from each other acquire and process this setting and transmt the
sane to the mcroprocessor 303.. Mcroprocessor 303 perfornms a conparison
be- tween the data transmitted fromthe mcroprocessors :
17 301 and 302 and, if these data coincide with each other, outputs the
setting to the respective infu- sion punp via a data cennection 220. To
increase the reliability and the operati ohdl safety, the respec- tive
i nfusi on punp responds by outputting, via a data connection 220, response
data fromwhich the correctness of data transm ssion can be derived. The
respective i.nfusion pu %éansnits t hese resgonse data.to the

t

mi croprocessor 30P1 4 2| 3Par 4% Jrhefde sY*he reipside with israhdenti cal
formfur- ther onwgrek ! conteuts ctlpr seessagst30thandedPcthiven iwif -

i ndependently from eacq1 ot Qfer cogﬁgre t he tﬁansn'%%e data with the
response data to THUS X dihé PR&2GPPREEhaRY t he® dRF 38 IHSssi on.
For ti me- dependentelgirairiclsidns ,and & leedpeaatat infnadi eafebyy ahe tespkdd i s

provided with ar stk L ack | 0,.5€er econd,_safety

f eat ure agai nst eﬂral?%)er s&g%ugflﬁgfiofg"(rag)t :A%éggé?/@ée ]8 t%‘gépr}\ﬂ.‘ctflgl 0ces?® Sors.
Each of said ni crdgftocessoest Bon- 289, comsposss pladgy afromnwhieh 30& 309, 311
and data_menori es3ecib3 bt aita &ahgﬂ%fﬁsn ' éca@i‘{zﬁde.' Aigr al

units 317. According to the instant exenplary em_ bodi nent,
comuni cati on betiEREIHI < hRERFLIPR- DTS JHE3RAMLtHnEhese 1 Kespensehe

i ndi vi dual infusiqataputps thepafii@rdmebodssd€SBOSL I vangerild dald «5on-
nections 220 whi f}:ré@(ﬁ'xstaibtg %%é he connectéé)n to tha_ m'tcroi‘.rgcetsnsor 303 via a
correspondi ng nu BB UnTIRIRES ARYAcHPoATERERERS ¢OFMadd ™ Tr ansni t -
ters 313. Additi anmdr dewares t310h23MitpoproasssdroB D die 3venthdlcH nf usi on
punp moni t or 110mdﬁ39'i%§épendently from each other compare the
transmitted data with the response data to thus ex-
amine the correctness of the data transmission. For
time-dependent processes, the central infusion pump
monitor 110 is provided with a real-time clock 308
which also serves a second safety feature against
errors in the operating cycle of the microproces-
sors. Each of said microprocessors 301-303 comprises
program memories 306,309,311 and data memories 307,
310,312 and, if required, additional peripheral
units 317. According to the instant exemplary em-
bodiment, the communication between the central in-
fusion pump monitor 110 and the individual infusion
pumps ‘is performed via respective serial data con-
nections 220 which establish the connection to the
microprocessor 303 via a corresponding number of
UARTs Universal Asynchronous Receiver and Transmit-
ters 313. Additional devices 2107230 for connection
to the central infusion pump monitor 110, e.g. for
measurement of the patient’s fluid elimination, are
connected preferably via one or a plurality of simi-
lar data connections 221,222. As an electric speci-



measurenent of the patient's fluid elimnation, are connected preferably
via one or a plurality of sim- |ar data connections 221, 222. As an

el ectric speci- 18 fication,

t he norm RS485 for hal f-dupl ex operation Is sel ected because of its high
noi se i mmunity. The above, however, is nerely one possible enbodi nent of
the data connections 220-222, further podsibilities conprise all network
types known from data process- i ng technol ogy, e.g. RS232, Ethernet,
CAN, 12C, Firewire, USB etc. Further conponents of the central I nf usi on
punp nonitor are_a power pack 315 and a rechar eable battery 316 for
power supply to fh@atlo’éeniipél noxTy KRG S fiRF rﬁﬁﬁg SHPLRX JRRrafaien comuni -

cation with extejgakelle¥t€8SbeBalse o5 Upes OhdhRatGise ﬂﬁ%ﬁlﬁ’lﬂf}pceﬁﬁé ng
device 202, a prlkr)]t out device 203 atient rm tor nurse cal l

system 205 and PYFt h]%‘?w?ﬂf)ﬁt/’o%t“}ﬁﬁe]épcf’? Q@ESl ‘Eb‘ﬁ‘i’cfﬁe%'f' e-
cially adapted pehéphatal caﬁaaetséﬁscnzoLemztofmer pass@wiltttaidzéy of the

exi sting n1croprocessors 3 % Og Vi a o |ty of data
connections. The“°™hbRer g RELYBENHYPRR ?V%r?P %Eﬁl%ﬁ?ﬁﬁ%%'ar-
ranged to suppl yipgwerechnalegwi - ehg.i nRE332n Rulegnet,coGANct el2Cp the
central inf usi ongpUER; FRNI 48R A0 rtthd:® RAAMHLARR! of UL SSend Py, CaSE:

t hey supply pover o fhe“central usi on punp non
separation into dnpusien PP WekE orEesar Power3E@agnd3362 Al aa common

feature for safel¥-hgl§¥aBle badRRlryCaii®NEoRUtpdwerObuBp Dy e&@Ndikd ON in.
t he sense of the inveption, Further enbodi nents_can_conprise , all of

t he known nethodgePBFa%cHFQV?hﬁPfPQRP(EQQ¥§Tr 11Pjr EPT i3 SAMBEYLiT n t he
central infusioncguipnMatith extie@hallli@viidesd,- &1./Qr Had@perdepigseats the

common -data processing device 202, a printout device 203, a -
patient monitor 204, a nurse call system 205 and
further input/output units 206, use is made of spe-
cially adapted peripheral means 314 coupled to one
or a plurality of the existing microprocessors 301-
303 via one or a plurality of data connections. The
power pack 315 and the battery 316 can also be ar-
ranged to supply power to all of the infusion pumps
connected to the central infusion pump monitor 110,
and to additional devices. In any case, they supply

power to the central infusion pump monitor 110.

The separation into a plurality of microprocessors

301 and 302 is a common feature for safety-relevant

‘ . applications but is not a precondition in the sense
. of the invention. Further embodiments can comprise
all of the known methods for -achHieving a so-called

- first-error safety in the central infusion pump mon-

itor. The first-error safety represents the common

safety philosophy in medical products .to the effect

that any random first error must be prevented to

cause any danger to the patient, the operating per-



safety philosophy in nedical products to the effect that any random
first error nmust be prevented to cause any danger to the patient, the
operating per- 19 son or third
persons. Further, it is required that an occurred first error is detected
within a time period where there is no |likelihood of an occurrence of a
second error which is independent of theX¥9rst error. To achieve this
first-error safety, the actu- al transm ssion of data fromand to the

i nfusi on punps has in the present enbodi nent been protected from

transm ssion errors by use of safety neasures comonly used in data
processi ng t echn8P8gPY Hhifce RErsQsis- dAHTNSentit ebF ofeaniredethak t her

pr]g)ce_ssi ng of thﬁnuiﬁqdr&@didsfiiﬁﬂ) @ﬂé@f Ok si a&tgueéﬂomﬁgfm&lf iandimélaual _

i nfusion punps are_mininze rovi di ng .a har re_and software diversity

bet ween the ni ch—erﬂJPacgbgﬁ?s% ea’rﬁl_%‘?)gjl?ﬁeﬁé‘.ho\%eoﬁmﬁnn?ﬁ?‘éﬁ%‘&%%sors 301

and 302 are of dbff ar ertohypesrandwhichyisufindepérdent ¢f oghansiidit ch

obtain their res t hr,Qu | ! rithnet roaches, Since spe-
%&%z. T8 QIQI'I}] b4 Sherd ﬂxlétn.’ét’?oﬂrof‘r §Q§g9§hegg?s%?

cific parts of the central TNTUSIon punp noni l5"/_units
304, can not at alll twransmissdiarh ebndader dotam efifidr tobdheaf bhfjupian ect ed

. against first er?%gsl hashas @@ﬁ%y%ﬁge%%%ﬁ%%&gs&g cd e user

i nputs are perfo In two stage e sane safety. In a
first step, the f¥em tAFRERiFEION,SLEEEE HYs ush Afghsafeinpoeaswsss 305. In

the sel ected embedqmealy hBéﬁeihSdQEQVbQSQeésﬁﬁgbi:é‘@ﬂnéI@g‘%Iim-Mﬁé‘ keys
and a rotary switch. The i t will then be presented in at | east one
di spl ay unit 304PrFﬁePﬁee§g$gﬁP%Htedﬁﬁﬁ?ﬁ%ﬂ?ftgﬁiguFEhﬁrnBﬁ%g%§§}%$ed :
graphi ¢ user surb@cels apegCtingRm-ifto X congioll dnetimlctti@dmy £ospl ay
device, simlar ;19;L88,43°;RFLLESSoaild AN mS BOAMLE TSI DG 14 €1 d
a hardware and software diversity between the micro-
processors 301 and 302, i.e. the two microprocessors
301 and 302 are of different types and carry out
different programs which obtain their results
through different arithmetic approaches. Since spe-
cific parts of the central infusion pump monitor,
e.g. the display units 304, can not at all or only
-with considerable effort be safely protected against
first errors, it has been provided for that purpose
that the user inputs are performed in two stages to
thus obtain the same safety. In a first step, the
user inputs his instructions through an input means -
305. In the selected embodiment, there is provided a
combined inputting via keys and a rotary switch. The
input will then be presented in at least one display
unit 304. In the selected embodiment, this is a
menu-assisted graphic user surface on an active-ma-
trix liquid crystal- color display device, -gimilar to
the use surfaces sufficiently known from the field
of data processing. After completion of all inputs
within a menu, all of the safety-relevant inputs



of data processing. After conpletion of all inputs within a nmenu, all of
the safety-rel evant inputs 20 w il be
di spl ayed once nore on other positions on the screen so that the user can
perform a conparison between the instructions inputted by himand the

I nstructions read by the central infusion punp noni- ter 110. Only after a
positive confirmation of cor- rectness by2fhe user, the instructions will
be pro- cessed and finally be transmtted to one of the in- fusion punps.
Fig. 4 shows an exarrpl e of such an input nenu 401. After successf ul
transm ssion of t Ctl nstothelnfusmn , the, latter,
according to its V\lj:'d n% F‘\?B agsfigr?nc@aﬁ“%nt‘?rhu‘sﬁi’n%’é BRELLEPBA O a nore
or less self- contmmestnmmem tém&ntwaenselﬁ camqlsmffdn’mra idompaeisoal

i nfusi on punp no fromthe st |nfu punps
for com pletel ;Bé g conFal ne operétongn l%p%L{Pq&g %g 5’(’1"1 n2 @t?’g‘ﬁlons IS
performed in the inguRicrignanresdd by whel céentrahtimfvescapumr eoadses as if
the infusion pu r o t s f Ltor 110.
it ust on pumpe i a1 ararh AEet £ BRI dOl AL BTR Y ned
operation and ar §§ﬂt@ﬁ%ﬁad°}f d?h%l USAi | dihe alrli’gé'-r@fctﬂm@t rwoﬁi ba pemaval of

the infusion pumeddgum tdita SEJ.:HMZE ka@&%a@lu%%aetbh%n@aff Fc%%e& y set
supply rate to be. naintai ned or 40 cases such a

“profiles descri bdd gt hB‘rlmH%regﬁger tﬁ%o‘?"?lf B8i &I’Faﬂ‘é’ﬂrﬁ r%Fm%‘éﬁhf laém t he
support 103 woul drgwitt edernyveroili.nto a safe condition, which is normally the
condi - tion of punp standstill.

After successful transmission of the instructions to -
the infusion pump, the latter, according to its re-
spective design, can continue its operation in a
more or less self-contained manner, even when de-
tached from the central infusion pump monitor 110 by
removal from the support. In infusion pumps for. com-
pletely self-contained operation, a sequence of in-
structions is performed in the infusion pump which
will initiate the same processes as if the infusion
pump were connected to the central infusion pump
monitor 110. In infusion pumps which are not de-
signed for completely self-contained operation and
are provided for a smaller range of functions, a
removal of the infusion pump from. the .support 103

. would cause the most recently set supply rate to be
maintained or, in special cases such as, e.g., the
‘profiles described further hereunder, the infusion
pump removed from the support 103 would switch over
into a safe condition, which is normally the condi-
tion of pump standstill.

According to a further aspect of the invention, all

of the connected infusion pumps are displayed on at



Accor di ng to a further aspect of the invention, all of the connected
I nfusi on punps are displayed on at 21
| east one display unit 304 of the central infusion punp nonitor 110,
préferably in graphic form To elimnate the risk of wong nmani pul ati on,
the dis- play will be carried out schematically by visually representing
t he topol ogi cal arrangenent of the real Shastem of infusion punps in the
respective display unit 304. Thus, the assignnent of each infusion punp to
its visual representation on the central infusion punp nonitor 110 can be
easily surveyed by the oper-, ating staff, This is an ipportant feature with
re- gard to the ?éﬁémoé‘%f &ip {9 B % 1 S BB 1 Cg{jg]%ai pEpgRrnThe
I ssuing of a inspuwpt imvniton speci fdreferaldivonipuaphlic ntwydde per f or ned
by sel ecting the rdLesiir e%ei H:fusi an uodrnt) b]?v1 maansnof fntj nlgut gnit .305. This
sel ection is car Frad-BRTS FrSuGH FURT i BrPL ot MRt St b7%8vi 83 AdF ~gr aphi ¢
user surfaces, epdaybwiddsike orengied foeeschdnagicgl ihebpavligualiag col or,
i nverting a scre e 854 £r§ &j{ x%%%%ﬁﬁi | di % rent
manner. After a %% ?{e%%g%(%%{ Eﬁl .r%% B ] ﬁafegse C |on_dt€rtglt?g%ta Ee user,
the user is givesyatess>f oinfumine 4pmpmsinhohe bgspagtéveedinpleyin Fig.
4, which conprisgs;@l boRSehhke £kl tddigdi¥int® HPREIA inFleIANpaAKEP- Thi s
settings can relate to: npame_of nedicant’,, concentration of ned cant,
desired dosage, §€sAFEIVIERALyTPPERFFRLAGIRD B O Fetr3LhdnpREieps ed
embodi ment, the geimp hohdtbs REOT GaNESE s siale durv@ey@d BynthenopBe-nenu by
sui tabl e i nput neans 3053:;‘?%19. a rotar swtchﬁ rrgn ed to cause a
novement of the &&+88r & e Bt &W’é'%‘ﬁ%s e cBAFRY FBfi on of
the se- lection ghrdugb shet apbeemngafeteparsi e accgptbncgeusii sgchai d
rotary swieh Adgghien.Sthb! Bsufngof P SIS ¥ CBPeBIR;R°
: infusion pump will now be performed by selecting the
desired infusion pump by means of an input unit 305. .
This selection is carried out through functions com-
monly provided for graphic user surfaces, e.g. by’
-positioning a frame, changing the background color,
inverting a screen area or stressing the selected
object in a different manner. After ‘a positive con-
firmation of. the selection through the user, the
user is given access to a menu 401, as shown by way
of example in Fig. 4, which comprises all possible
gsettings for a special infusion pump. This settings
can relate to: name of medicant, concentration of
medicant, desired dosage, desired supply profile,
and so forth. In the preferred embodiment, the set-
ting is performed by selecting a point on the menu
by suitable input means 305, e.g. a rotary switch,
arranged to cause a movement of the cursor on the
screen, and by a subsequent confirmation of the se-
lection through suitable input means 305, e.g. by
pushing said rotary switch. A desired setting, e.q.

the concentration, can now be selected by turning-



2Z- " the rotary switch until reaching the desired val ue, and subsequently
pushing the rotary switch to thus conformthe setting. Sonme conponents of
the menu 401 can be arranged in a variable manner, as would be reasonabl e
e.g. for the inputting of the paraneters of a proflle. The nmenu 401 shown
in Fig. 4 can cover the whole display area or only a part of the display
area of the respective display unit 304. 2 the ex- enplary enbodi nent,
this menu occupies only a part of the display area. A second part shows al
operat- ing data of the selected infusion punp, e.g. in a display |ayout
according to Fig. 5. Athird part can show the visual representation of al
the safety- rel e¥det rdEmh@itchaumsdlf seaghiagetheddesarednyalueen. by the
user. Further, byddeHaRMdhte ?ﬂ&ﬁﬁﬁﬁné a{ﬂ@%&éaﬁ}hesweeﬂwgw%us

arr angement of the systemof infuysion pu s, the user wl jUSt one | ook
obtain a survey &% &he FRER1BE - a??m%CFRWQQQﬁPqﬁﬁQEHQH? ﬂ@ﬁﬁs4 ¥hi s

condition can i n@auﬂeoé h@rﬁ&hliged ei]ﬁ ap&iadtiiabd eS nirhe U ndd nﬁoﬁiét spped”,

the cur- rent fillin of fluid.reservoir as, e. ringe, th
current supply r&t éaﬂéﬁiﬁﬂﬁ &%F gﬁ&lPﬁeogiﬁgg Ra§588§§
advant age of the ofemt pabfuﬂbusﬂ‘ha penp mnleklmwn sirofffier.ed loyant beveen-

tralization of t Q% a% ﬁ&B#&axEXFEQe ge&?{% gaaq.fta@? G 1% eal%fﬁgt ation of

t he topol ogi cal . sys &M ar- §$¥Cca S|ng an
al arm can be qU|@m6ﬁegﬁjhh§|2§ﬁ9$qungldz@@19y §@lhg3pﬁd|dat§@elﬁxbhe

display units 'nec?n enmi‘?rferﬁ:l eq s dheiid NGk tQa a2t the.
other infu- sion p nﬁﬁ% Furt er, the reason for the a arn1 rther
i nformation can I9E thes8ifRdaynrbedcrbeiretnd Raxh SHoWP adilt OPFFTaéonnect i on

with the triggeriijfg data of the selected infusion pump, e.g. .in a
display layout according to.Fig. 5. A third part can
show the visual representation of all the safety-
relevant settings to allow for a repeated confirma-
tion by the user. Further, by the graphic represen- .
tation of the topological arrangement of the system
of infusion pumps, the user will by .just one look
obtain a survey on the condition of all connected
infusion .pumps. This condition can include the cur-
rent operating state "running"/v"stopped", the. cur-
rent f£illing level of the fluid reservoir as e.q.
the syringe, the current supply rate, the battery -
condition and the like. A special advantage of the

- central infusion.pump monitor is offered by the cen-
tralization of the alarm output. By the described
graphic representation of the topological system.ar-
rangement, an infusion pump which is causing .an ..
alarm can be quickly and reliably localized by being -
indicated in the display units in a visual manner
clearly distinguished from that of the other infu-

. sion pumps. Further, the .reason for the alarm and
further .information can be. inserted into screen of

the display unit. In connection with the triggering



23" of an alarm a further advantage of the described central infusion
punp nonitor 110 becones evident, notably the significant reduction of the
effort for connection to a so-called nurse call system 205. These are
signal | i ng message systens comonly used in hospitals, which, in case of an
alarmfroma con- nected device, trigger an optical and/or acoustic signal
at the site of the health-care staff. In3¥a- tient nonitors for the
surveillance of the vital paraneters, this technique, along with the

central display of the vital paraneters, has been estab- lished for a |ong
time; in infusion punps, a connec- tion nurse cal |l system 205 _has of
yet been nostly & 3T P HREM t 031 I#élrIt&?ﬁea@LYﬁ‘B‘@PgSf qfﬁ ]?ﬁ’daﬁﬁcﬁébﬁées per

i nt ensi ve-care bedntWsih itdtrisaent rAlng nidisitar NP bosbhes &¥ddehbe

| f th duced | Il of
he i nfus) on punBSURRORLGER B OPHE LCHSrRPFFRASS P) PBSLFERES RO

financi al advant a:gmnectAoapem ak M&@d afutde graphisysiseou 205erface

consists in the n| V, [ I

profiles. A profi @é% %{ﬁ)ﬂaﬂy 1&% sad%e r??%{-’sengén 5&111%8?%3?' {6%&% t he
function of ti rre131nél0§09§aﬁlse Whitcherllpa@%ﬂmtcéﬁr an larlatrnefmsm ascnpl-e case
of a profile, theaRlWS QR D Wridg aprbnafop%lwplavndp&e 5Eahft§cconstant

over time. Further profiles_can be rowde thrising a I ng ranps
be subjected to &ionglt aks the Eike Glf Féﬁu%alﬁb ‘aﬁFﬁnQEBff—o i8I PBW a

randoml y desired talehithidh Lt CELON tAe - es@rvéilﬁl&&%m@ﬂt ittHe fungaltion, or
be provided in wt ha%lerpelr%r f%aitsurteeschn@_ fuert her enbv(VJ:L JTe eoéekggagrofi I e
relates to the Par ' que,
display of the wvital parameters, has been estab-.
lished for a long time; in infusion pumps, .a connec-
tion to a nurse call system 205 has of yet been
mostly omitted due to the large number of individual
devices per intensive-care bed. With the 'central
infusion pump monitor 110, the complexity of the
connections is reduced to a sole connection for all.
of the infusion pumps included in the system, final-

ly resulting in a financial advantage.

A special advantage of the graphic user interface
consists in the convenient option to set and visu-
alize so-called profiles. A profile is the supply
rate of an infusion pump following the function of
time and possible further parameters. In the most
simple case of a profile, the infusion pump will
work at a supply rate that is constant over time.
Further profiles can be provided with rising and
falling ramps, be subjected to a limit as to time or
volume, be arranged to follow a randomly  desired
arithmetic function as e.g. the exponential func-
tion, or be provided in with similar features. A

further embodiment of the profile relates to the.



24" Dbolus adm nistration which is often required in nedical practice and
Is perfornmed in certain tinme intervals, e.g. three tinmes per day, in
specific quantities. On the central infusion punp nonitor 110, the
sel’ection of such profiles and the setting of their paraneters can be
performed much nore com fortably than woul d be possibl-e on the individual

I nfusi on punp due to the |lack of suitabl e2aeans for visualization; in
practice, up to now, this condi- tion has had the effect that such profiles
were gen- erated al nost exclusively by activities on the side of the
health-care staff. The automatic generation of profiles and their
transformati on i nPelesntadminiag ronwhigh tie ofdien duaguinédsiiom punp

clear- ly allevi ahegithe Wé&t@ﬁebl&ﬁﬁer‘lémpéﬁﬁoﬁﬁ@étEnC@e%t%ﬁﬁgtﬂ@

results in a nore, exact ﬂosa e of the in- dividual npedicants
possibility for alWFgER? -Bhe PHS | BITEE B%E <PXal LB sREEHEIR. In

tech- in operatloquanhﬁttestrmnltﬁ@SthtmumDiﬁﬁuéiwnspﬁmﬁsﬁ%ﬂlﬁﬁﬁlOnS
Convent onal mannbt0 byt hanEe kAGEHRR el TR aRr e s i e R 41D i o
conpl ex nedi cal kcnﬁv\thelgls phiraheters tdan rios tpeafdrmsh naiclbencrendesed by
formula and rul es C e f I n_operatio e .user can
provi de the thus E ﬁ%%%i%egggﬁ %H%i#ibé[ﬁ?ééfﬁﬂ%eﬁp t |céFﬂb#4kﬁ%h can
be referred to inirfesienupenp cdugadio fib@rlﬁiﬂt@ﬁ rewl tadvhee e, Bt | ons at

all times WthOUtviéhﬁéi‘féatlf&'i 'ﬂﬂ%i‘&@?i‘é%egﬁ tEe Ho%' dt@{ iAYUNRL zat i on

technol ogy, this teach-in prij nci n used ong tife; in
connection with afFion rh?‘%n}é?ﬁ)@%ﬁ§5§ﬁﬁe§b§t £HFR Eﬁbﬁ WRTHIGRIS t 0
attai n i nportancesphts®d oalmdbet Nt Nddively by activities on the side

of the health-care staff. The automatic generation
of profiles and their transformation into control
instructions for the individual infusion pump clear-
ly alleviates the working burden on the health-care
staff and results in a more exact dosage of the in-
dividual medicants. One possibility for a widening
of the profiles is the so-called teach-in. In tech-
in operation, the central infusion pump monitor
stores all actions performed by the user, i.e. the
user controls the infusion pumps in the conventional
manner by hand and makes his decigions on the basgis
of his complex medical knowledge which for the most
part cannot be rendered by formula and rules. After
completion of the teach-in operation, the user can
provide the thus stored sequence with a unique iden-
tification which can be referred to in the future to
again reproduce this sequence of actions at all
times without further user involvement. In the field
of automatization technology, this teach-in princi-
ple has been used for a long time; in connection
with all-intravenous anaesthesia, this approach -

promises to attain importance also on the medical



25" sector because the dosage of narcotics, as already common in
conventional gas anaesthesia, is dependent on paraneters, e.g. body weight
of, the patients, age, sex and nedi cal experience. A further w dening of:the
profiles can reside in pharnmacokinetic nodels wherein the distribution of
an adm ni stered nedicant in the patient's body is sinmu ated by suitable

nmod- els. This nodels are nedicant-specifd® and will be provided with
further paraneters, e.g. weight or age of patient. The objective value in
this regard is a desired plasma level in the patient's blood, i.e. a

desired concentration of this medicant. This_desired, concentration can be
constant over ti SECHOE ReGaussh|khe HRRARI o5 RRFFACLCS hedEnBhKeasY t he

medi cant that thecdhgdy Wnl boﬁbéﬁtboﬁal gammgtheylat hascaapeﬁaewcat i on
can be vari abl e over tine. pose tg har ma oklnetlc nodel
c

S
to control the s&&ﬂ@a¥%T%t%¥sth§ Snf&$Q%1%ﬁﬁ% Y r BF &FBGFlthm||1
such a manner thage, |memommddamﬂhxmﬂ.@kaheennputApﬁnathéerw;deh&ngctuaI

concentration OfthEie dieqnt |ga%h§e§1 quii%ﬁ%H%cokﬁnEQqc de%

concentration. Such a ar macokKI ne ement e
i nfusi on punp |t37élleﬂ-”%l—$1 wdlel dastripbuhéonepk ran adnfl@m%@rminpedmam@r 110

whil'e, for the ahave LR it /S Blody! 'J.%n‘l"ﬂnﬁ@.%%ed' g9' SUgELA1 ! Wi n the

central infusion punp nitor_ 110 is'to preferre urt her aspect of
the invention isedisr-editip rmpdgl Se%r?om?ﬂkp%ﬂﬁmﬁpﬁﬁkﬁ%qe%ndAHééldﬁﬁg to

this aspect, -t hepiegiicRiat wﬂkﬁsﬁﬁrﬁhéﬁnﬁarémé@é\r@r€é/|g3u$1e)idlﬁtV%ﬂrB. Iy been

manual |y entered |ntot22%tpr%'cr| tgg@ligegglb% Lhetgh SE%'de 1s the

medi cant admi ni s€faP? J g
desired plasma level in the patient’s blood, i.e. a
desired concentration of this medicant. This desired
concentration can be constant over time, if it is
only intended to replace the amount of the medicant
that the body will absorb per time unit, or the con-
centration can be variable over time. It is the pur-
pose of the pharmacokinetic model to control the
supply rate of the infusion pump by a control
algorithm in such a manner that, in consideration of
the 4input parameters, - the actual concentration of
-this medicant in the blood .is equal to the desired
concentration. Such a pharmacokinetic model can be .
implemented in the infusion pump itself as well as
in the central infusion pump monitor 110, while, for
the above reason of user-friendliness, implementa-
tion in the central infusion pump monitor 110 is to
be preferred.

A further aspect of the invention is directly relat-
ed to the above profiles. According to this aspect,
the medicant prescriptions, which' previously have
mostly been manually entered into the prescription
sheet by the physician, and the medicant administra-



26" tions perfornmed by the health-care staff in the course of the day,
are automati zed, at |east regard- ing the nedicants adm ni stered by

i nfusi on punps. For this purpose, the central infusion punp nonitor 110 is
provided with at |least one interface to at |east one superordi nate data
processi ng device 202 into which the prescription plan is inputted instead
of the prescription sheet which is filled®&y hand. Another possibility
resides in the input of the pre- scription plan into a patient nonitor 204,
while the central infusion punp nonitor can be provided with a data
connection for this purpose. According to a third- p055|b|I|ty, t he
prescription pl afione bEeFﬁorﬁﬁﬁtéﬁ’lgh Itdmcege i aEasforimpuipenoni t or

110 itself. Regard&ﬁ%% off WhieCRagneapé é&&rﬁb&ﬁﬁdd)etétpq&&ls@ lrelyaeg -t hat has
been sel ected for, |np t|n the pres r| %arizgthe PLESCr i tion plan
will enter the céﬁﬂ%ﬁ 7 nft g?SﬁnB Fr 9o Bh LR EUREPR oPHBRSE her ei n

in the saﬂe nannemm1?hM%;ﬁ?npdm@alEﬂmﬁaﬁmtwaﬂk&nfwembd pambommnutoFﬁnually
i.e. at the tines._define ician in,t an

punps are autorra?'llg’alﬁ/ g?%‘yf‘éﬁgo& éf‘oﬁﬁege&st Bﬁﬁoquta‘? gghgﬁged and
the like. This rédpassenire astperdiedistey davmrpsocess vy ngevlneehealzt h-care

staff Trom rout] nedASkTonele"bhbo8k 20c L6010 1Y HhpketUl 95LRESADY

decreasing the com plexi € process aon one I cants
used in an int engfvéik%rmrwléﬂl%ﬁ@rhoﬁ’mﬁ ywhiglenis r i bhedpbri headst ock of

nedi cants whi ch arRtHa pRdsabilheyPRbseaks. ﬂenﬁ@u&@wo@%@e b%a' |
requirenent. Wth each, hosg;tal having its own stock of nedi It

appear s reasonabﬁ@r iption plan into a’patient monltor 204, h e he
central infusion pump monitor can be provided with a
data connection for this purpose. According to a
third posgibility, the prescription plan can be in-
putted into the central infusion pump monitor 110
itself. Regardless of which one of the described
possibilities that has been selected for inputting
-the preéscription plan, the prescription plan will
enter the central infusion pump monitor 110 and is
performed therein in the same manner in which a
health-care worker would perform it manually, i.e.
at the times defined by the physician 'in. the pre-
scription plan, pumps are automatically started or
stopped or supply rates are changed, and the like.
This represents a further step towards relieving the
health-care staff from routine tasks, and will also
reduce the risk for errors by decreasing the com-
plexity of the process on one level.

The medicants used in an intensive care ward are
normally taken from a specific stock of medicants
which are applied. on the patient .depending on the -
medical .requirement. With each hospital having its -
own stock of medicants, it appears reasonable, in-



27 stead of newy inputting these nedicants at the tinme of each
application, to have themregistered in a nedicant data bank and to sel ect
anong them when re- quired. Since, for a clear docunentation, it is in-.

di spensabl e that the data for each nedicant to be adninistered by the

i nfusion punp are available to the central infusion puap nonitor 110, the
present invention provides that the central? i nfusion punp nonitor 110 is
coupled to a nedi cant data bank. This nedi cant data bank can be arranged in
the central infusion punp nonitor 110 as well as in external devices, e.g.
202, as already described above in connection with the prescription plan.
Normal |y, the medfeead bmewandnmitdiag joseraredicerbs ithdhe ttime

requirenents of the egsReaipp1adaeskh!altAnkhis tREAR edgrben-£8aYyLred. The
medi cant data bank ¢con- ta ns infqQrmatjon for each nedicant, e.g. name of

medi cant, al | onadiEFRTS HER 3%} ton SCAPFEVAMERY cthem gthest Zauppl y
rate, dosage par apeimsd. a®ihdéde fokea dbeddt |dsdumdrddindi gt 4.5 tike

i nputting by neansg, ee ny,i s stricted to the.selec- ting of the
magi cantgna?/re fro‘%%%r?srre |ecaﬁ¥‘g§a?‘5’eb r?%,a t%ogi%?)?ﬁtﬁnﬁ 1gpntpto be
concentration as adhinistefed hoystbpl ynfusiaont pusp arg. aselidabileg tidhe pro-
file. As acconpa%@gcéﬁq,]t_géfa%*@ﬂsgg?}t FﬁmbeﬁBﬁ%&fel- di gaat ipxle%fen di cant

data bank can contain allow abl'e pro es the respecC |Qe nedrca urt her
ac- cording to aninvgrieht pxepédesoithalie the emenoral edofiugédincgvmpcan have

a specific col or @ssied I NeLIRuphtie tePEChES FcRt Uati |ﬂar{ﬂ‘.e'&'}ﬂ%
represent- ed in the,dugglg; | mage_according to Fig. 5 b¥ col- ore
i ndi cations of alMeTHARct 8RF_t PEBKaSEy Rt *BrangRdli #ankhee cgntyade of

medi cant, concentimffusion pump monitor 110 as well as in external
devices, e.g. 202, as already described above in
connection with the prescription plan. Normally, the
medicant data b;nk_is once generated according to
the requirements of the respective hospital and is
updated when requitred. The medicant data bank con-
tains information for each medicant, e.g. name of
medicant, allowable units of concentration, allow-
able range of supply rate, dosage parameters and the
like. As illustrated in Fig. 4, the inputting by
means of .a screen menu is restricted to the selec-
ting of the medicant name from the medicant. data-
bank, the inputting of the concentration as well as -
of the supply parameters, e.g. selecting the pro-
file. As accompanying information on the respective
medicant, the medicant data bank can contain allow-=
able profiles the respective medicant. Further, ac-
cording to an important aspect of the invention,
each medicant.can have a specific color assigned
thereto. This specific color will then be represent-
ed in the display image according to Fig. 5 by col-
ored indications of all characteristics assigned to

a medicant, e.g. name of medicant, concentration,



28 ° current supply rate, quantity still remaining in the fluid reservoir,
future and past shape of profile. This possibility of a selective

assj gnment of colors allows for a considerably easier survey of the sys-
tem Thus, for instance, all cardioactive nedicants can have the color red
assigned thereto, which up to now was often done by cotlored | abels for
attachnment on the syringes. As further sh@fn in Fig. 5, the screen display
i mage 501 of each infusion punp is divided into different areas. A first
area 502 is provided to display indications with regard to the current
conditions of the pu morkin .punp i ctive, synbolized by an

virtual rotating Wﬁﬁggnt n%‘igﬂgf% VaFFb ESRBURI 28 iyt

correspondi ng st antaid 3¥§bﬁb01ﬁ|afﬁﬁur§y3hd|@&@d @%a@dﬂﬂﬂ,pﬁﬁﬂhl@e li ke.
A second area .503 shows t

l,cant adm nister
ffuson punp, " ChEpEBRERtTEHTERY S @ 8eAgetidn: SAEPRES PO PR 1 ui d
remei ning in the aylowgefon aebansidemablytéusieﬁIsurn&yﬁnf;uﬁetéyssyringe
In case of an inf on ir
arranged on a hi gﬁéﬂn Igf\;g?p ?ﬁ{lpk %‘é@e '(“ju(!;sée]p %aan'{lq}éjrﬁsélrceagrgée%ent ed
i nstead of the re%i‘lnhavehgthfﬁimlmyr iaisisngnedeéhsmt@hd«vmo:hemmcu ent

supply rate of thgodnh4si 88tBH BSNne igfaé&wpearum ﬂd&ala&i{uéiﬁue fourth

area 505 shows the supply pro- file the infusion punp. This profile is
prefera- bly shom?ina§%§ gﬁ‘ié‘iﬂffi%eﬁ-epzr\%séﬁi"&?i%n shgwin thheF-’!—gms Saxither r anged
hori zontal 'y and éaﬁeéﬂpahi@puaye m@@e rgendedeyeht iaahkYon Themp egs |- ef t  of
center shows the ast %P &gggg ht of ceq%eélshoms t he future The
area of the past F5Vi€$ e§8 & II%ﬁf%ﬁnf *Shd2ERB 20a 6F the

future is repre- prov1ded to display indications with regard to the

current conditions of the pump, e.g. pump working
/pump . inactive, symbolized by an  virtual rotating --
wheel; mains or battery operation, symbolized by the
corresponding standard symbol; alarms, symbolized by
a bell, and the like. A second area 503 shows the
" name of the medicant administered by the infusion
pump, the concentration of the medicant and the
quantity of fluid remaining in the syringe in rela-
tion to the full contents of the syringe. In case. of
an infusion pump supplying a fluid from a fluid res-
-ervoir arranged on a higher level, the already in-
fused quantity is represented instead of the remain-
ing quantity. A third area 504 shows the current
supply rate of the infusion pumps, measured in phys-
ical units. A fourth area 505 shows the. supply pro-
file of the infusion pump. This profile is prefera- '
bly shown as a graphic representation, with the time
axis arranged horizontally and the supply rate rep-
resented vertically. The area left of center shows
the past, and the area right of center shows the
future. The area of the past is represented asg a
filled surface, and the area of the future is repre-



29- sented as a |line corresponding to the selected sup- ply rate. The
center line represents the current point of time. For flexible adaptation
to.the condi- tions in a hospital environnent, the scaling of the tine:
axi's, i.e. the space of time shown for the past and the present, is
adjustable; thus, for instance, in intensive care wards, an adjustnment can
be made by a period of tine of six hoursd%h both directions while, for
applications in operational theaters, shorter tinme periods of e.g. 30
mnutes in both di- rections can be selected. In a fifth area 506, alarns
and nessages related to the respective infuy- sion Eunp are displ ayed.
Further, the cenfRBEeAnREsPoAINBURBTHBRPPBALBET EPsCRBsERberiede8uPor cal |

?nd ﬁi spl gy of fpnyh%awng$gewﬁaje@fteﬂ }Kﬂné heepeaLeAfd gfheFnguﬁﬂeﬂescri bed
urt her above, are,operated by peans of..an i npu ni t 5, .Suc ,Menu can
be e.g. a patienPoﬁBEuogoFl?ﬁpdg§5f *lélﬁi%g%éiFgﬂgpegodﬁpﬁ.cﬁpgﬁfther

menu of this kindibasaihr entiospitialoenahreasehy, stheeyadlbngepfetheentati on

of the medi cant L Nj atio er - r Qver .t h i pfusion
punp connect ed tggghehgééfe%ﬁgﬁfﬁﬁgtéﬁﬁgéaéngﬁh1:ﬁP§thﬁ§¥[§ﬁ§ Béﬁéral
adj ust ment nenu &ovd the pwpsentngisef aganetabldat thvachfar ihetance, and t he

time of day as wehl ;3% <ffsifdr it SRIdNI AATATRIA Rd© cdhepl Nhggal func-
tions of the central 1nfusion punp nonitor 110.” These nenus are not _
i | | ustrated her ebPe@abs&iphepfatdmgopfppikchpurfyini Prehedireebipns

correspondi ng megugias feeRd rilidaitilall eth BPra¥iomRACOtHeAget S, t he

present state of the art. . , . . .
ghorter time periods of e.g. 30 minutes in both di-
rections can be sgelected. In a fifth area 506,
alarms and messages related to the respective infu-

sion pump are displayed.

Further, the central infusion pump monitor offers
possibilities for call and display of further menus, -
which, like the menu 401 of Fig. 4 described further
above, are operated by means of an input unit 3065.
Such a menu can be e.g. a patient menu for input of
all patient-related data. A further menu of this
kind is a trend menu for an easily surveyable repre-
sentation of the medicant administration as per- .
formed over time by each infusion pump connected to -
the system. A fufther menu of this kind is a general
adjustment menu for the inputting of general data
such as the date and the time of day as well as .of -
further setting parameters for the internal func-
tions of the central infusion pump monitor 110.
These menus are not illustrated here because they
are not principally different from corresponding .
menus as found e.g. in patient monitors according to
the present state of the art.



30 © For each connected infusion punp, there is provided a display device
502 as shown by way of exanple in Fig. 5. If a plurality of such display
devj ces ac- cording to Fig. 5 are conbined in a manner allow ng the -

t opol ogy of the system of infusion punps to be read fromthe display unit
304, a visual representa- tion as in Fig. 6 is obtained. Shown here is an
ex- anple of the screen display | ayout foB0othe system of infusion punps
101A-101C, 102A-102F fromFig. 1. The individual infusion punps 101A-101C,
102A- 102F are provided with respective display areas 602A-602C, 603A- 603F
assigned thereto. In addition to the fields for the individual infusion
punps, at |east &IF @GP HPRIted infaaicsd pumh Sherer is @Irmvaldetdy of

di splay areas 60% CRIEudy Weﬁfél@rgézlﬁglﬁﬁédvﬂnﬁ n@&yaé%' gng Btlt Spec'df'c
i e of day

i nf usi on punp, dﬁg ht of patlents date an

and the |ike. Thégﬁhdl IafP PH@ B Y A°E05BCh 6038P48EFdewiceRe aiondi vi dual
i nf usi on punps cmrainrg b &flg I angartk taonibifdedy ity @mnfah&e&{ andaridrgayout as
ci rcum stances MRY, T e seen inFig. 6

for st an
that infusion punps vméﬁgl?ﬁ¥5l t%%gS¥6€ m16§C§Egﬂsb8npPBWPﬁeHOMFFh a
slightly d|fferem@a@:ﬂghmythnagespmay syit ny®t plma SiBAArEd2Esehttat-her, it

Is possible to g ?Jﬁafa% qfr{ 59ent6 J_esor1(:;}3%%{11'1_1 |0|g§10&9‘ hg&ffg%sgbt es of

i nfusi on punps. Ck "and easy s “be
obtai ned on the Spdemcds thﬁf §§|‘f@ﬁnpdh9§1®y la@lgtr disr cheepysteesert at i on

of the topol ogi cahfididR0 PR lekhﬁolléd'i!d)ﬁédﬂioiﬁ‘fﬂ%n%?l@mfis edt |east
one display unit ,of the centjal infusion pu noni t or
individual infusion pumps 101A-101C, 102A-102F are
provided with respective display areas 602A-602C,
603A-603F assigned thereto. In addition to the
fields for the individual infusion pumps, at least
one display unit is provided with one or a plurality
of display areas 601 containing -general indications .
not ‘assigned to a specific infusion pump, e.g. name,
age and weight of patients, date and time of day and
the like. The individual fields 602A-602C, 603A-603F
for the - individual infusion pumps can also be ar-
ranged to differ from the standard layout as circum-
stances may require. Thus, for instance, it can be
seen in Fig. 6 that infusion pumps with infusion bag
101A-101C can be provided with a slightly different
-display- image than syringe pumps 102A-102F. Further,
it is. possible to generate different representations
for different types of infusion pumps. What is of-
essence is the quick and easy .survey to be obtained .
on the system of infusion pumps by the graphic rep-
resentation of the topological arrangement of the
individual infusion pumps on at least one display

unit of the central infusion pump monitor 110.



31° AN “17"A"device for the central controlling and/or non-

itorin I S, conpri sing a). an attachnent and support
unit ( ﬂp for rel easabl e arrangenent thereon of a plu-
rality of influsifonSpumps (101A-.101C, 102A- 102F), to be controlled
and/ or nonitored with regard to their functions, or having

such punps rel easably arranged thereon, a¥d b) a central control
and/or nmonitor unit (110) adapted to have said infusion punps
(101A- 101C, 102A- 102F) connected thereto, wher ein

c) said attachnent .and support unit (103) at predefi ned positions
for support of sGLRING fusion punps (101A-101C, 102A- 102F) is pro-
vided with a respective interface to all ow data communi cation for

t he connection of the respective infusion punp (101A-101C, 102A-
102F), and d) said central control and/or nonitor unit (110)
conprises a displlay dedievdce304y €he central aorsua L lieyy esi€foat mon-of t he
condi tion of f o] S c C, 102A-

102F) connected ther e:'tEHCJn(Bl §Jqflt %glfptgﬁgh 8&9‘5@ c&&nﬂ%@s%ﬂ% vi sual

representation of said infu-

a) . an attachment and support unit (103) adapted
for releasable arrangement thereon of. a plu-
rality of infusion pumps (101A-101C,102A-
102F), to be controlled and/or monitored
with regard to their . functions, or having

such pumps releasably arranged thereon, and

b) a central control and/or monitor unit (110)
adapted to have said infusion pumps (101A-
101C,102A-102F) connected thereto,

wherein

c) -said attachment and support unit .(103) at
predefined positions for support of said in-
fusion pumps (101A-101C,102A-102F) is pro-
vided with a respective interface to allow
data communication for the connection of the
respective infusion pump (101A-101C,102A-
102F), and I

d) said -central control and/or monitor unit
(110) comprises a display device (304) for
visual representation of the condition of
all of said infusion pumps (101A-101C, 102A-
102F) connected thereto, with the topology

of the visual representation of said infu-



32 ' -———-—sion-punps-(101A- 101C, 102A- 102F) on sai d di spl ay
devi ce ( onding to the t opol ogy of the arrangenent of
sai-d inf Bﬂ“ﬂwm l’és (101A- 101C, 102A- 102F) on sai d attach-

ment and 2. The device according to claim1,
wherein, in addltlon to said interfaces for data comuni ca- tion
an interface for energy supply of the re-32 spective infusion punp is
provi ded at one or a plurality of said predefined positions for said

i nfusion punps (101A-101C, 102A- 102F). 3. The device according to claim
1, wherein said attachnment and support unit (103) has provided

thereon a central energyf§6§blﬁu@ﬁﬁt SORRBCLEYHC, 102R-102R) | mrer sgdds for
ener gy supply. 4. The Jiag1cs, a@@@i@lénquomcl@dﬁéepdﬁm&@ Ne§aicGhe

i nfusi on punps (101A-101C, F | tral_contrql and/or
nmonitor unit (110) are s Cﬁfﬁﬁ%P %B@.ﬁﬁﬁaﬂﬂFﬂe%ﬁl%ﬁhﬁﬁﬁﬂn} gL usieRgency
energy supply means whi clpupen GEDﬂAHxnuﬁ 102201 02F el alaidnatguchuppl y
unit will safeguard the sai d infusion punps

m rtel %plse f%n tioni nglﬁé)
(101A- 101C, 102A- 102F) . K TRRES ¥8E8 ditRg’to claim 1, wherein said
central control and/or nDnltor unlt (110) com

2. The device according to claim 1, wherein, in
addition to said interfaces for data communica-
tion, an interface for energy supply of the re-
spective infusion pump is provided at one or a
plurality of said predefined positions for 'said
infusion pumps (101A-101C,102A-102F).

3. The device according to claim 1, wherein .said
attachment and  support unit (103) has provided
thereon a central energy supply unit connected
to said interfaces for energy supply.

4. The device éccording to claim 1, wherein said
infusion pumps (101A-101C,102A-102F) and said
central control and/or monitor unit (110) are
further provided with an autonomous emergency
energy supply means which upon failure of said -
central energy supply unit will safeguard the
reliable functioning of said infusion pumps
(L01A-101C,102A-102F).

5. The device according to claim 1, wherein said
central control and/or monitor unit (110) com-



33 Tprisés a subunit provided on said attachnment and support unit
(103), e unit - connected thereto, wherein said subunit
I's- ar- U ﬂ mﬂmllamuamendent |y control predeterm ned functions of

sai d Wsion t punps *(101A- 101C, 102A-102F) and/or to control the
connunlca- tion between said infusion punps (101A-101C, 102A- 102F)

and sai d superordinate unit. 6. The d¥¥ice according to claimb,

wherein said superordinate unit is arranged in a separate housi ng.

7. The device according to claim5, wherein said control and/or _
moni tor unit (110) or said super- ordinate unit, is rel easably connected

to said at t achmePEigsE Suppbreitnprovided)on gl agtachmentaagdd to be

freely positioned. supportheusleyi q@08¢Gorghdigat %@@tdﬂdlnam@r g@hAtt he
attachnment of said inf usmngau s 101A-101C,, 2A- 102':1)_ to said

attachnment and suppor® ) Whergim, | SURRLE alfmAfer that a
me- chani cal fastxamg@gl can ambm&auuiyy agitalnl spredetarmdnaelct ion to

the respective int erf %‘?:10?{ ?ilatsaaﬁiomyﬂfﬁgibﬂn \%'Jnl;bssai (h%(iﬂt_r al

control and/ or uni t
101C 102A 102F) and/or to control the communica-

tion between said infusion .pumps (101A-101C,
102A-102F) and said superordinate unit.

6. The device according to claim 5, wherein said
superordinate - unit is arranged in a separate
housing.

7. The device according to claim 5, wherein said
control and/or monitor unit (110) or said super-
ordinate unit is releasably connected to said
attachment and support unit. (103) and is ar- -
ranged to be freely positioned.

8. .The device according to claim 1, wherein the
attachment of said infusion pumps (101A-101C,
102A-102F) to said attachment and support system -
(103) is arranged in such a manner that a me-
chanical fastening can simultaneously establish
a connection to the respective interface for
data communication with said central control
and/or monitor unit (110).



9.7 The device-according to claim1, wherein said

i nterfaces for

data sai d infu- sion punps (101A-101C, 102A-102F) are
arranﬂmm m&ng@a manner that, after detachnment of an infu- sion

punp (101A-

sai d detachnment and i ndependently continue its

unit (103) and/or be connected to said centra

onit (1200, Y 91 PTne i aByEDEC T TR TP 1 K052

02F) fromsaid at- tachnent and support system
(103), said infusion punp (101A-101C, 102A- 102F)

| mmedi atel y detects
operation inits

predet erm ned function or main- tains the |ast held operative condition
or en- ters a safe condition. 10. The device according to claim1,
wherein, in addition to said infusion punps_(101A-101C, 102A-
one or a pluralit$-of Thar destiaenagearding to g@erawt ing IEES 1 ogrEdl

parameters of a patiefhterfatas PSrada(t?eUgﬁﬁm%ﬁ,@t(idﬂ baahgRng #AgySupport

ontrol and/ or

wR&EeRRTAREED

102F),

noni t or
1central

control fglnd/ or noni tOéuldﬂl b ﬁ&ﬂﬂér e - aftereidaitlayhiand &Ebaﬁi infis
connectible to one or es_within.t
envi ronment or to anotgf‘lgf1 I @h% f Ja%s%@é%dfaléﬁ) abF8T &R
medi cal institute to alachme_ntl andfsmppl:atta syatieanda03) , ﬂ;aldTihnfda_aizbne _
according to claim 5, Juhgr efih 1§ o1c, 1533 1¥2r5 O irhida AU BRLERE Uni t

(110), pref-

ati ent
thin the

said detachment and independently continues its

operation in its predetermined function or main-

tains the last held operative condition or en-

ters a safe condition.

10. The device according to claim 1,  wherein,

in

addition to said infusion pumps (101A-101C,102A-

102F), one or a plurality of further modules for

. detecting physiological parameters of -a-patient -

can be arranged on said attachment and support

unit (103) and/or be connected to said central: -

control and/or monitor unit (110).

11. The device. according to claim 5,
central control and/or monitor unit (110),

wherein. the
pref-

erably said subunit, is connectible to one or a

plurality of other devices within the patient

environment or to another largely non-transport-

able device within the medical institute to al-

low for data exchange.

12. The device according to claim 5,

central control and/or monitor unit (110),

wherein the

pref-



35 - ““““erably_sal _superordinate unit, conprises input means f or

user araneters for control of said infusion punps

(101A— H ﬂﬂﬂlﬂ 13. The device according to claiml, wherein the
systen1ca urfor t he conputation of infusion rates fromthe
par anet ers |nputted by* the user, said paraneters preferably conprising
the concentration of a physiologically act3ve substance within the
fluid and/ or the body wei ght of the patient and/or a desired concen-
tration of said physiologically active substance in the bl ood of a
patient. 14. The deV|ce according to claim210, wherein one aqr

plurality of physiol odiait %aﬁ%t%&e%&a@& unityy CORPTECE FRPNE | ty of
sui tabl e nmeasuring demeans VESESuSEr Pehghet 6f5pdﬁéthéﬁgr§rQ&S@dﬁtmsured

h I I t fl t h th t at
01" the i nf usi on 1 at os Of sat rEREIAE EEmR. (16RAGIDACeH DA 102RRer oi n sai d

central control and/or nonitor unit (110) is provided to have a |ist of
medi cant s and parane- ters related to said nedicants inputted therein
manual [y or from another device, and to store said paranmeters therein

13. The .device according to claim 1, wherein the
system comprises means for the computation of
infusion rates from the parameters inputted by
the user, said parameters preferably comprising
the concentration of a physiologically active
substance within the £fluid and/or the body
weight of the patient and/or a desired concen-.
tration of said physiologically active substance
in the blood of a patient.

14. The device according to claim 10, wherein one or
a plurality of physiological parameters measured
by one or a plurality of suitable measuring de-
vices or parameters derived from said measured
physiological parameters. will influence = the
result of the computation of the infusion rates.

15. The device according to claim 1, wherein said
central control and/or monitor unit (110) is
provided to have a list of medicants and parame-
ters related to said medicants inputted therein -
manually or from another device, and to store
said parameteré therein.



The devite accerdlng to claim15, wherein said list of
nedlca bﬂﬂﬂw paraneters re- | ated to said nedicants can be
vari-ed 3’”’ U E 17. The device according to claim1, wherein

speci f - i & con S of t he individual infusion punps
(101A-101C, 102A- 102F), particularly alarm can be displayed by said
central control and/or non- itor unit 3410).

16. The device according to claim 15, wherein said
list of wedicants along with the parameters re-
lated to said medicants can be varied by manual
input.

17. The dev1ce according to claim 1, wherein specif-
ic condltlons of the individual infusion pumps
{(101A-101C,102A-102F), particularly alarm, can

" be displayed by said central control and/or mon-
itor unit (110).



