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Ei eId of t he Inveﬁtls rese mvenh%gﬁgtpggto medi cal

i nf usi-on punps “*" gener al | n particular to user interfaces for
medi cal i nfusion purrps Background of
the I nvention : The admini stration of intravenous nedical fluids

to a patient is well known in ME@JI@VALINFUSIMPGMIW’ a solution such as
saline, glucose or electrolyte contained in a glass or flexible

container is fed into a patient' sFielRdube Bywehedon t hr ough a conduit such as a
pol yvi nyl chl oride (PVQ) intravenous (1V) tube which is accessed to the
patient by a c alherresent igygnyion relates toympdical infysjon; Rpmps in gengeaband indartiqubes to
forces of tér%l?cfsa{% c&gah{qgu?l%pw‘ owis controlled by a roller clanp

which is a u BW | umen of the IV tube until the

desired fl ow rate is ‘obt a'%ﬂgrgund of the }nve“t,QnFl ow fromthe container
to the patient also is known to be regulate y means ot her than a
roller clanp. |Théainiisistaiongfiimtraverous niedicsl fuddstom patert sewelhkidvecintpoieal | y
controll ed I nf u5| on punp. Such punps include, for exanple, peristaltic-type

punps and Typica VaP\%lW‘Vb@cbaﬁf?éme F&EWSQ%I%@@OWHMSHQﬂ%mlﬂeylhlmcl ude
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to apply force to t ube,” which 1 nparts t on to
the fluid flnidibsénfldéd under thefoeces BEF1AMEY, BAOME rdté 60fléva e dohtrblted b rRlibenARpi ve
type of peristaltic punp enploys a plurality of roller nenbers which
rol | over whichiyadiysted togestrigtahe flow dumamtdfae INdme@ntﬂ [thei d¢sired figveratadst ube.
| nf usi on pumps egl so enpl oy punping chanbers having upstream and downstream
val ves to equentially inpart the propulsion to the fluid. Such

val ve-type pu ”p%lé\%,’\lﬁrb&%é é’orﬁaq té &cégﬁ"ent also lsgélgwg dg‘? %Qﬁlg{ga lbg' %neegngéﬁgg | ng

cassette chanber 'S co al ne

the pati enthaantrollBeclaR! & & Qkorhingirore and more common to usY 44Sd1QRoRidARS Of t he
prior art are typically designed for a particular clinical

applicati orwontﬁdtedenﬁtmph pumpa Syctppumys inoledledfos expnade, peiistaltipafge\pufnps ande as
general fl oor umps (in hospital facilities. O her nps are designed
parti cul ar % ‘Fc}wt‘p@anm rPueestalélé-wecnun@ﬁ typically insindg4n grrey @fg@mg Bognlay
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the capital investnent an of suc ospital care

is often renotiorel ukdidth afplyiftrgt & thalV aibk, Widcisinipakts dranstitnito tHeffis€th e TR a
nunber of nedical fluids. Mst punps errpl oy a single flow channel, which
adds t o t hetube thereby propelling the fluid. An alternative type of peristaltic pump employs a plurahty
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of roller members which roll over the IV tube to impart the motion to the fluid in the I'V tube.
Infusion pumps also employ pump_ing chambers having upstream and downstream valves to
scquentially impart the propulsion to the fluid. Such valve-type pumps typically require the
use of a specialized pumping cassette charnber; which is contained on a dedicated IV tube
between the patient and the source of fluid.
Infusion pumps of the prior art are typically designed for a particular clinical
application. For exe;mple, many pumps are designed principally for use as general floor
pumps in hospital facilities. Other pumps are designed particularly for pediatric use. Other

pumps are designed for critical care use. Still other pumps are principally designed for home



expense and crowds the space surrounding a patient when such multiple

I nfusions are required. Al though punps exist which enploy dual channels,
use of such punps when only a single intravenous fluid is required to be
infused in the patient results in unused capacity and the inability to
transfer such unused capacity to other patients. What is needed is
a nedi cal infusion punp which is readily2 adaptable to use in mul tiple

clinical settings.w thout .unduly burdeni usar M rQqr 1 N
oar anot or e up STk ki R FEGRLI b s W ealth b RLARCERRIAR ey |
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available or to allow for existing punps to add flow channels as needed.
Summary ohosgiwl ¢anacent i on The present invention provides a nedica
i nfusion punp which is readily adggtable to use in nultiple clinical

settings w t hoktrtheret isofisnrecsiiied that » single patient be,sigralianegusty ifused pitharet er s
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The-present invention provides an infusion punp having a main body portion.

The mairequiredy Apthotgtopunpscixisdehich etipRyldayl chaeeels ose afissghl pynpsovisadhly
interface information. At |east, one punp nodul e is provided which is
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contained in the mai n body portion flor 'generating user Interface
i nf or mat i anuktipld dlidicd] septirgy witheatSunduly burdening the user with programming parameters
3 Bri ef Description of the Draw ngs
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channels as needed. _

; . Summary of tfxe Invention
The present invention provides a medical infusion pump which is readily adaptable to

use in multiple clinical settings without unduly burdening the user with programming

parameters for such a variety of uses. The present invention provides a pump which allows

the user to select the number of flow channels available or to allow for existing pumps to add

flow channels as needed.

The present invention provides an infusion pump having a main body portion. The
main body portion includes a display area for displaying user interface information. At least
one pump module is provided-which is removably secured to the main body poﬁion and
adapted to receive an IV tube. The pump module includes means for applying pumping
action to the IV tube. The pump module further includes an auxiliary display area for
displaying supplemental user interface information. A microprocessor is contained in the

main body portion for generating user interface information on the display areas.



constructed in accordance with the principles of the present invention;
Figure 3 is an exploded view of an alternative enbodi ment of an infusion
punp constructed in accordance with the principles of the present

i nvention; Figure 4 is an el evational view of the infusion punp of
figure 1, showing the detail of the punp face; Figure 5is a
detailed view of the display area of the3|nfu5|on punps of figures 1 and

2; Figure 6 is an elé 2@{ onal ﬁﬁ b th rear of the infusion
punp of figure 1; ace navigation flow

di agram const r ﬁéu?@'l ik mur ik \A‘Hrgigﬁlssﬁagl \éﬁﬁqﬁé‘dn@&@éeﬂ% deBStd R S lH the

i nvention; and details of the user
interacti gﬂn%kboaﬂglﬁmgﬁgﬁ%muﬁt ed in accordance with the principles of
t he present invention. Det ai | ed Description of a
Preferred Enbo®igme? is a perspectivdddéwof amaltdmutive gmbeditentof aminfisioarpmasy f | ui d
i nfusi on punp made in accordance with the principles of the present

i nvent i on cpwstiuetediin aerordangewish e yingiples of tpipsessuiipvensionl anped onto a
standard 1V pole 12, .The 10 includes a main ortion 14 and at

| east one punp FigHiBddt & Fleded yienol apltemgt ‘eﬂfﬁeiﬁ gé‘b?’tﬁ‘%&lﬂ ByrP

descri bed her ns g vi ded. However, the
pr esent mv%r%‘ﬁ“ HIE\(I)\%OD rrp W%%n%g’g ﬂg@d&%nﬁlpgerﬁggs the flexibility to
use any number fi?é rewwae@ﬁu&mﬁdsmg@ufnao@mpsfﬁg&requgrro%nﬁgm defajildee
punp user. For eXxanple, figure 2 shows a punp nade in accordance W|th t he
pr| nci pl eshoputhpacef esent invention having four purrpl ng nodul es 16.

Formed at the upper periphery of the main body portion 14 is a
car ryi ng handl éig@re 5 i¥hdetadedvibwaby thedlidplayt drer ofi the infiekion punhpspfifigumasysindl
di splay (LCD) area 23 which is used to convey various information about
the pump # to the user and provi des for user interface wth the punp 10,

as described | r-k:xg}x)rre:% 1(3%;[1 afevatlonaf)vmw o?&crxtge{r%f B-x fu]s'ldcf)nlprlll%puqef“sgu%alt;a- entry

Figure 7 is a user interface navigation flow diagram constructed in accordance with

the principles of the present invention; and
Figures 8 to 30 shows the details of the user interaction with a pump constructed in
accordance with the principles of the pfésent invention.
etailed De: c iption of a Preferred diment
Referring to figure 1, an intravenous fluid infusion pump made in accordance with the
principles of the present invention is referred to generally as 10. The pump is clamped onto a
standard IV pole 12. The pump 10 includes a main body portion 14 and at least one pump
~ module portion 16. In the embodiment depicted and described herein, two pump module
portions 16 are provided. However, the present inventioh contemplates the use of and
provides the flexibility to use any number of pumping modules depending on the
requirements of the pump user. For example, figure 2 shows a pump made in accordance

with the principles of the present invention having four pumping modules 16.



keys 25, the use of which are described in detail below The punp nodule 16
I ncl udes a tube-Iloading channel 27 and an vacuum fl uorescent display area
29, also described in detailed below. The main body portion 14 includes a
sl ave m croprocessor which is a slave to a naster mcroprocessor. The

sl ave m croprocessor further includes an anal og-to-digital converter (A/D
converter). In a preferred enbodi nent, the master m croprocessor is a
80C186 EB available fromlIntel Corporation, Santa Clara, California, and
the slave mcroprocessor is a 80C552 available fromPhillips

Sem conductors, Sunnyval e, California* Al m cr oprocessors include
software in - . g?}ﬁ- ' | : s | on and
punp- noni tor?ﬁgﬁfd %giél%ﬁg%(%lgér beg\%ﬂq{gsﬁ@ chﬁ—ﬁmtl m‘ﬁ&:&gld m;?g?‘t%?é’m ar
advant agre indii bddyd 4FuRk& ihclides @Niquiderystd dispy (LIOD)faked3bitich i dsed &) | ow a
user to choose a plurality of flow channels dependiqg on the user's

r equi r eenYEy varfous ipfosmation aboutithe ptunp 4 0 tasthetwser agd|psqigdgsder gsar indrfage punps to
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nodul e infbed0AdIAE ERGINEIN 0dnd anGiabG@@NNESEQREnT diAy 462 PR ialboldeslribR@irt d&Qiled
The punp nodul e 16 incl udes nodul e housing 17, an upper nodule plate 18 and

a | owelowysThe maiplbatly péBion A4 dnadudes g shieamicraprecessawiieitlistaslaedore t he punp
nodul e 16 to the mai n_body 14. The fastening neans include a plurality
of ext e RS BYFTOProsesseh; Tie dadeanigroprocesspiligtherineiudes aranglogitpdigitah t he | over

nodul e pl.ate 18 he le h ing 1 nd E}\e r. nmodule.plate 18 to
Ur eaed Bae (A UFREN: By RBiEE chpodfeeh AR RS misrorREEio ™ “oocy
14. Any godTRE ERAvaRHBR R Tobforfn, Smtaldes dArdhR, Addf s siave PUnp by
utilizing the appropriate fastening neans. The punp nodul e i ncludes a
m Cr opr aargg@ocessdr isa 80C552 available from Phillips Semiconductors, Sunnyvale, Califomnia.
5 preferred enbodi nent, the punpt nodule mcroprocessor is a 68HCL | :
avai | abl All mpigrapragessersaneludssaiadinread-enly mestosy (ROM) whichririves therigget o fi gure
4, an el evational ,view shqw t he def ai he face of a pu 10

interaction and pump—mor(x)ltor{r]l func%ons &escrgbegfbeltow. punp

Itisa paﬁicular advantage that the present invention provides the flexibility to allow a

user to choose a plurality of flow channels depending on the user's requirements. The present

invention further allows for infusion pumps to be easily modified so that the number of flow

channels can be changed. Referring now to figure 3, an infusion pump made in accordance

with the principles of the present invention is seen in which a single module is shown in an

exploded view, thus depictihg the ease by which the pump module is connected to or

disconnected from the main body portion.

The pump module 16 includes module housing 17, an upper module plate 18 and a
lower module plate 19. Fastening means are provided to secure the pump module 16 to the
main body 14. The fastening means include a plurality of extended bolts 21 which extend
through apertures defined in the lower module plate 19, the module housing 17 and the upper
module plate 18 to threaded apertures defined (not shown) on the bottom of the main
body 14. Any number of pump modules 16 can be added to the infusion pump by utilizing

the appropriate fastening means. The pump module includes a microprocessor. In a



made in accordance with the principles of the present invention is seen.
~Contai ned along the side of the display area 23 are a scroll-up arrow key
31 and a scroll-down arrow key 33. These keys are used to sel ect
programming fields or actions within the display area. Contained beneath
the display area-23 are a plurality of a$rom1keys 36 which are used to
Interact with selection alternatives in the display area 23. Because these

arrow kez’fﬁgﬁﬁedéﬁxbpﬂmt,itﬁb PEAptURASHI ORI b bBcdsbd iPa68HC U] availablaGEonon
di splayed in the display area 23, as described in detail below these

arr ow keyMoggoly 8chagmbarg tllihgisas "soft keys." Referring now to

figure 5, an exanple of_ the di si)Flrva%qarea 23 of the infusion punp is seen.
The displ ay arRefering tadiayred apsiavatipnabyisy shemingdthe detpi}phihg dacgiof g pumpakd
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i ncl udes Fhesekepdiire uséd® sélbctlHogRmBtiAY FERIS oPAQIBRS Hithin the'8isplgbie@ns for the
user. A soft key area 40 is further provided which contalins | abels for

t he pl ur aContginefl bendath theydsspBy drexc2st arel alpburelity lof rirew keyli XpWhigharease@®& Thus,
by followi ng the pronpts and maki n& sel ections in accordance with t he
| abel s aphiteraet with salectioppitematjves dpthedisplaysasea FanBecausethese arapikeys Beawi spl ay

23. Finally,. th 1 ddl ti A2 of  the, djspl 23 ] d
or maki nBip b hisRcte ik farertedles ni s dlRsy oS inb e fien s ocleserheg or
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The function kexferfiflo h8&! ' Ggurdorhg 8t 156Yﬁ1e41@sgy§ia_€éaz'3wm@lﬁmrpd grface

keys as well as a nunericC key pad 50. Inclu in the nuneric 'key pad 50
are the nusedrerkhezdisplay ares D3 dehidedfove displagt partibee) Iodatqdait e tsp YortibR®F ¢he
numeri c and deci mal point keys are used to enter progranm ng values into
t he hi ghl idigplaycaréa isithe status Hisplay SB| The atabs diPlay38 givesth statu$ of thephinph i s
seen in figure 5, The nuperic key pad 50 further includes a_ clear key 53
whi ch i s Infusion. The status display 38 also identifies alert, alarm, and failure conditions. Gontaipedy t o

? Ingg\r/ e\r/? L:#ﬁxeflro%g} })Qrgoxq io?&m'eidgs%a%daréai ig ltlge' prét%p? diggl];)?.t '¥hef perg;[n%{ gisf)alg},(21 in%ﬁ;[des a
prompt line 41 which provides prompts or instructions for the user. A soft key area 40 is
further provided which contains labels for the plurality of soft keys 36 located beneath the
display area 23. Thus, by following the prompts and making selections in accordance with
the labels applied to the soft keys 36, the user can interface with the display area 23. Finally,
the middie portion 42 of the display area 23 is used for making infusion selections, '
programming, and displaying operating or running conditions of the pump infusion.

Referring back to figure 4, the main body 14 further includes a plurality of function
keys 44. The function keys 44 include dedicated keys 46 which include user interface keys as
well as a numeric key pad 50. Included in the numeric key pad 50 are the numbers zero
through nine, and a decimal point key. These numeric and decimal point keys are used to
enter programming values into the highlighted field in the display area 23, an example of

which is seen in figure 5. The numeric key pad 50 further includes a clear key 53 which is



clearing of values fromthe highlighted field, if the clear key 53 is again
pressed after the highlighted field has been cleared, the content of the
field is restored to the last value stored in the master m croprocessor's
menory. The dedi cated function keys 46 include a main-display
function key 55. The main- display function key 55 is used to return the
display area 23 to the main display frdmany point in the usér

interaction. The vol unme-history function

e is used to . display the
vol uneusadstosisar yalues fromthe highlightedti ’Flﬂn@tslao??}(%ééa%@e againgh inadv ?ﬂﬁ‘)?ﬁ gl arns and
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second punp 1s on auxiliary battery power. \Wen pl ugged

into  3n 1ied MEdtEr droptbédssdr's mdagorpack- 1 i ght function key 61 turns the
di splay back lights on and off. \Wen on auxiliary battery power, the

back- | i ght fTieodedivatddefineion Neysif6 nstude amhaindisplsyAnginsikey 55 Thamainpyt i n
order to conserve Romer t he back |i hts do no owgaln on |nd§ initely.
| ncl udéhsnlﬁy furstion kevAS kaiped fosreym SW/ By Heq APAY char ge
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key e required progra ng val ues have been collectibly
e nt er eda giddefRemidg p%e&,rsammﬁmes i e Préfeired@yb@Bmient. tThatbask-lipkt
i nfusion. Follow ng an alarmrnotification, once the alarmcondition is

r esol vefliiction kep61 séreys @i puapuse bdeh tie @ingy inpluggadinité pe slettwicalovdet, end ar t s
the infusion. The action keys further include a rate key ‘ﬁﬁ ngch is
used t orelatedbut segend perposeavhendhe BRAP is YLAURINATK Bgtiery POVRE: (W hepiygess infp

| h d
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battery |co urt vi ded
7 which is IIchaednﬁmea@ﬁmey@w@@wﬂfaharggkmaaumammffcunagamw@omr. I n

an addi tional
powers the infusion pump 10 on and off. When the pump 10 is infusing, pressing the on/off
charge key 63 will provide a system override to stop the infusion. The action keys further
include a start key 65. If all of the 'required programming values have been collectibly
entered during the programming mode, the start key 65 initiates the infusion. Following an
alarm notification, once the alarm condition is resolved the start key 65 cancels the alarm
notification and restarts the infusion. The action keys further include a rate key 68, which is
used to select the rate vafues, and a volume key 70, which is used to select the volume
parameters.
Two additional icons are used as indicators of pump conditions. The electronic-plug
icon 72 indicates when the infusion pump 10 is plugged into an-electrical outlet. The
electronic-plug icon 72 also indicates that the auxiliary battery is being charged from the

electrical power provided by the electrical outlet. A battery icon 74 is further provided,



enbodi nent, two additional icons are used. A conputer control icon

I ndi cates when an external conputer is transferring data to the punp and a
nonitor icon indicates when an external conputer is querying information
fromthe punp. At | east one punp nodule 16 is | ocated beneath the
mai n body 14 of the punp 10. While the_,punp nodul es depicted in the
preferred enbodi nent descri bed herein ale standard |V tube punp nodul es,

t he presgidh isnit@ilicndlle pans L0 dpeffting 98 atfiligy thattergtpower.plongn additichels

enpl oyi ng al ternative punping technol ogy, such as for exanple, syringe punp
nmodul es embpimenttworasiditionaliigonsare ushds Aacompwter coniapligoncindieates when kmt o whi ch

a standard I\{ tube is loaded into the oug%e%()'. fl'heiﬁgug@‘ nodul.e 16 i ncl udes
an aut oiftereal copeutes efrng datato thegwmp anbmeRiies 11o% HEIEs &heB 4RI ng
channel 27 i K . 7 f t Q. [ lve a slide clanp contained
on the Ieﬁzﬁ%§S“?§é?gsu@5gﬁ%§\fmoﬁﬁgwﬁg%§&§bf ree-flow prevention

feature. At least oh8 pthf flodufe FSRYSGIdDRheatt e ik HO® 140f tREHGHR 1L O the
punp nodule 16 i n the proper orientation, the punp rodul e 16 contains
sever al waflethe fanp iiodsles depittedid the phdfdredlentbedithandefdfibed h&eiiayedandaeh t hat
it only fits into the keyed slot 78 in the proper orientation.

Addi t i oriM tupe pumipenediti¢s, thegresghtinverdidn wgntethplates s gf alterfative purhp owdatasow 81

is provided to instruct the user as -tq the proper direction of fluid flow
in the |smplgpae alfemative pympiag techpology spely as fo7 example, SKEngs P modes-e 16 an
I ntravengus_sol ut i | con LS proyide This.tem nds t user that
the - entropiph ol (B8t Ehridaie Ry £ SridT Sigedd¥ s
directed f ' ' ; Il t her,
on the rlu%ﬁ?& @?%{e}ﬁ h@ggﬁ%&%ﬁ?gﬁ?? ?ngﬁ]gh%%} ?Jelﬁl?%é tl“%%}loag & t%‘?“ltlhgérl con
85 i s usednfamedaiittifl tHeltebd mAding tBindeN27 BRtkeéd 16E79 Aabiel o théile GaRAECES tO
the patient is to be directed to the right side of the tube-|oadi ng channel
27. clamp confisedpamthe ¥ dublee Thequinp rhodnbs Bsinelndes alfrspflaw preveati®® f urt her

i ncl udes a character display area. In the preferred enbodi nent depicted
herein, &8tweght-character display area is provi ded. The display area is
used to prorrph%o i nstruct, t ecific eraction

operations. T °£ﬂ-"'§fﬂ %l?uraﬁ%%?%R{igéa?ﬁéﬁéﬁﬁgﬁh%mwm%gﬁaléririe H’tféﬁ?ﬂecfi on to

I dentify orientation, the pump module 16 contains several safety features. Initially, the slide clamp 80

is keyed such that it only fits into the keyed slot 78 in the proper orientation. Additionally,
beneath the tube-loading channel 27, a fluid ﬂow arrow 81 is provided to instruct the user as
to the proper direction of fluid flow in the IV tube. Still further, on the left side of the pump
module 16 an intravenous solution bag icon 83 is provided. This reminds the user that the
end of the IV tube that connects to the soluti;)n bag is to be directed to the left side of the
tube-loading channel 27. Still further, on the right side of the pump module 16 is a patient
icon 85. This icon 85 is used to remind the user that the end of the IV tube that connects to
the patient is to be directed to the right side of the tube-loading channel 27.
The pump module vacuum fluorescence display area 29 further includes a character

display area. In the preferred embodiment depicted herein, an eight-character display area is

provided. The display area is used to prompt or instruct the user during specific pump

interaction operations. The display also is used during an alarm or alert condition to identify



the particular condition. Finally, the display is used during infusion to
provide an indication of the status of the infusion. Cont ai ned
beneath the character display area are three light-emtting di ode (LED)
status indicators. The first is a green LED 87 which indicates when the
punp is infusing. The second is a yellow LED 89 which indicates when the
punp is in an alert condition. The yelBow LED 89 renains continuously lit
during an alert condition, provided there are no _active alarns. The third
is a redhe mylaﬁﬁpwtlvmdF@alﬂbshmmlax isasesl dusingeinfusiono royide andadigatioron

The red Ie_é%gé I he.s on and off during an alarmcondition and remains |it
conti nuo 03'311 f”ure condition. If the infusion punp 10 is running

on auxiliary cBatdfu%eR {he c‘x&%ctéll & V\%laf&reé"a.\%rtﬁ}eqqi%ﬁi-@xﬁltﬁ“é (lho%é sifD n and

off in order to conserve battery punp no e 16 al so

i ncl udesstatus MdiBataS! TOO fitals 9éreétﬂﬂEB Mmcﬁﬁidxﬁ&skﬁ)éngﬁe pump BEinfiRRip. act i on
key 94 opens the | oadi ng nmechanismso that an |V tube can be | oaded into

t he t ubeTheashond ichyellost LED. 89hlsich indidalés whee thespuwamisadi ardlertreondigiopufhe

nodul e 16, the o action key 94 opens the |oading nechanismto allow
removal ¥ellew éﬁlﬁm emainsepntisugislydisidugng an rlept oyadlﬁp@mraﬁéedaﬂwsqr@m override

07 of "¢ ngeHvA Heris, TR & BILERS! whieh reDnen Behm b P &

gr ounded C I gl

provi de §§&“§ar d?g?f%%ﬁ%?lgrl\gi curre%f’agﬁe)ﬁﬂggahomer%?%@ i &&sglegln"{stc}u 10 and
to recharggtifliisly b lal fAflreRBAJISS, - If B d@@ﬁmﬁ érlJ&LSéhé}y nount i ng
clanp 100 which |s used to nount the punp 1 nto an |V poIe An” audi o

speaker @rattetty podkr,the alerti@riathel disphay will fizsklion afd effie brder whdonkervs bateey t 0
generate alert and alarmcondition and key press audio tones. A
comuni cgowens port 104 is provi ded to allow the punp 10 to connect and

comruni cate wth a conp he conmmuni catjons port (104 al so can_be used
to communi cat eTkt‘W%F@é“@a‘IGI a‘s° 1§qlg¢fé|antogerhacgw f- apd a stogepelion ke de- se

Bﬁ gt/: 32 d n t he aféfx eyC tﬂﬂ{ﬁﬂs @gtlf)gﬁgg mec%amsm so that anCRfTE%%é 1',%3[.:):1I be Ilogée%rm e s
the tube-loading channel 27. When an IV tube is contained in the pump module 16, the open

action key 94 opens the loading mechanism to allow removal of the IV tube. The stop-action
key 96 provic.ie's a system override to stop any active infusion.

Referring now to figure 6, the rear 97 of the infusion pump 10 is seen. The infusion
pump 10 includes a grounded power cord 98 for plugging the pump into a wall outlet to
provide standard alternating current (AC) to power the infusion pump 10 and to recharge the
auxiliary battery. The device further includes a mounting clamp 100 which is used to mount
the pump 10 onto an IV pole. An audio speaker grill 102'is provided over an audio speaker
which is used to generate z;lert and alarm condition and key press audio tones. A
communications port 104 is provided to allow the pump 10 to connect and communicate with

a computer. The communications port 104 also can be used to communicate the nurse call
signal to a computer located at a nurse station. In the preferred embodiment, an RS 232

compatible interface is provided for external communications.



9 A direct current (DC) receptacle 107 is further provided. The DC
receptacle 107 enables the punp 10 to be connected to external DC power
sources, such as for exanple, the 12-volt power source provided in nost
U S. vehicles, to enable the punp 10to be used with an anbul atory
patient. The rear 97 of the infusion punp 10 further includes fuse
conmpartments 109 which contain el ectronigc fuses as known in the art, an

di ker I | 111 d t | t 113 th
i n a1 oot ay. ArdieetEre Yireeste Bs Rt pisRsdr dbhDEBR A 0T | ne
.pan6| ! O&ﬁb@é%@@n&éqo % ﬁé‘%nﬁ@ct ex?%n#l!i%ﬁ}w&&g sobftes lsucﬂ%yfﬁr %ﬁnﬁfl&\{ﬁgt
i nadvertent reprogrammng as well as delibéefate tanpeéring W th tHe punp.

Cont ai neth-9a1t Ebﬁeﬁédiﬁc@ﬁroeﬁe@inﬁﬂw UIS Akth i 1dsStotendBle ti pu{DED foleads® withob 1
18. This knob 118 provides a manual override of the automatic tube-I|oading

and unl oadambulhteay patienitnThe tear Pofithedudien fiémp T0 figther inolusles fime user to
manual |y rel ease the tubing fromthe punp 10. Further provided on each
punp nodePmpirments| i 8 whishsontailectonir fugdsias kpewn inthe agy anansia speakeronnect i on
to the pu 10 of optional drop sensar,, which is.used jn_conjunction
with a @ SeBAESoatal | H.ardpgefrast adustment ikddehthe RgthUipeh FHORF Blopided ing or

I nterface. i ' fd.owdi S N PicGL Se.an overvi ew
of the ug roi A%*%@ lr@UtE?'ﬁglﬂ{(ﬁ SC asnsezg)%?r? u-grgrfqu &IE%F%\?\? ﬂ%p&gﬁhe ﬁ%%v?eapglup,

the i nf UgEEtORIERNP BIaHO&Et FbRGRRAShir dsiSas\iib&ate l%np%ﬁh%\ﬂhﬁﬁ@ BiipC

routi ne 300 occurs. After conpletion-of the diagnostic tests, a power-on
screen is di stonysifled & hidsidedf eadhPidp module iy 4 memdDHbe r¢leasekabdb ¢ 8. ARBESS
the main display routine 304 or a select set of configuration paraneters
routine %o06b 118 prdvidesel reanuabeveride afdhé ayjomati¢ whe-mdmgmsloadhvadcatm iB06 is
sel ected, the user can access a series of view set of confjguration

par anet ertde PumEp grasiule He sThip allovs theiises do mapwally relepseshe wging; fxan the mynp 10.

t ti 06 th ' t f fi ' t
Subr out | Tas8beroVfied onebt mrSp e tledte e so oait 160 SaReeddgd oRsTin « ne
n di . ol N oes A
opt { ons orteciRHb i i 16 BPerrflonti o CGEHS Wiy b M Lord B M o
par amet erstarfiafd @$p SlambegUbr outi nes 308, a change occl usion settings routine

313, a battery display routine 315 and a configuration/service routine
317. From t he Refetrinpsnove rofiguae ) asedintérfact hevigatidndfovodiagiaewis sedn. The

figure depicts an overview of the user interface routine discussed in detail below. Upon

power-up, the infusion pump performs diagnostic tests while the self-diagnostic routine 300
occurs. After completion of the diagnostic tests, a power-on screen is displayed. From the
power-on routine 302, the user can access the main display routine 304 or a select set of
configuration parameters routine 306. If the select set of configuration parameters '

routine 306 is selected, the user can access a series of view set of configuration parameters
subroutines 308. From the select set of configuration parameters routine 306 or the view set
of configuration parameters subroutines 308, the main display routine 304 can be accessed.
From the main display routine 304, the user can access a plurality of routines. An options
menu routine 311 provides access to the view set of configuration parameters series of
subroutines 308, a change occlusion settings routine 313, a battery display routine 315 and a

configuration/service routine 317. From the options menu routine 311, the series of view set



10 of configuration paraneters subroutines 308, the change occl usion
settings routine 313 and the battery display routine 315, the main display
routi ne 304 and a configuration/service routine 317 can be accessed.

The configuration/service routine 317 includes a password entry subroutine
which |limts access to authorized hospotal personnel having a password.
Upon i nput of an authorized password, the authorized hospital personnel

can ac C&%%nﬁﬁﬁﬂ%ﬁ Pt fet?H{ubREIne £ 308TRIM cHaHES Suthistun s3ftihgs Fdutine 313 and

configuration/service nmenu subroutine 319 provides access to a device

conf i guthatbateryWisplayt youtind3 H, theeaidiisplarrostinri0drndtanopfigurstion/sarnice 324, a
service features subroutine*326, and a transfer device configuration
subr out towting 387 can bymackesedlevi ce  configuration utility subroutine 322, the

suthor | zed a0l ol BELSARRG SRR EFRepRetBlsd ol OB
i | nes.: 333 i hpe 326, th
Do AT YR WIS e BB B Eplnbls b RUILRe 570, L1

335. Fr QibRSe LRS! Bleialthorisad NospRallFaidbnhélwhh Becedsldconifiglraionservive 1 out i ne
302 can @% ac%essed. on Fuf?her progranm ng routi nes can be accessed

f rom t hendifaisabebuting 3y9.r Thié ¢ondiglfMion/servideesenufsubriohne Ploprovides agessdatai nes
include a primary rate-volunme programming  routine 339, a primar
vol une- dewise sonfiguratiomigility sebraetine322, an evant bistony SUYHRE 3 24 AseTvice

rogranmi ng routines 343, rinary ra r ogt anm ng.,.r oyt 4 34 a .

P o0y badkaifise aubrontiys; 2hvandr B RRAeNts o DBLP NS FrO RS Sp8- o B Bk cRvice

vol une-tj r ogr apiNg, r Out i . . ing -
v e g8 TR 322 Sahorzed hospe PGl ciess e sami g,
Wi Ch_PrepoffiphifioR Badatrclerd MubRiitin 831 An@h BatiesRF 4L SITBE Behflgdidoes and 1o

t he-mai n di spFay routine. e pop-up w ndow subroutines 352 include a prine

POP- UP  parfrdBlefidubifitiaed3 ) Framsthe bethite Peurepsubrintina BR6ghS&@horided pri ne
pop-up subroutine 354 and t he standby pop-up subroutine 356 provide
access thospitel pasamneli el aayess @ serigsof 36ice Fhbroutings 33 fre Fpum therosfigwretien ne 354
can be accessed fromeach of the programmng routines, A vol unme history
routi ne SBBICEmeauapwting H Y% thepomston sputings02 6 beasgessed.

Further programming routines can be accessed from the main display routine 304.
These further programming routines include a primary rate-volume programming
routine 339, a primary volume-time programming routine 341, a series of primary dose
programming routines 343, a primary ramp programming routine 345, a piggyback rate-
volume programming routine 347 and a piggyback volume-time programming routine 349.
Each of these programming routines provides access to the change mode pop-up
window subroutines 352 which provide the ability to switch to other'programming routines
and to the main display routine. The pop-up window subroutines 352 include a prime pop-up
subroutine 354 and a standby pop-up subroutine 356. The prime pop-up subroutine 354 and
the standby pop-up subroutine 356 provide access to the main display routine 304. The
prime pop-up subroutine 354 can be accessed from each of the programming routines. A

volume history routine 358 is available from most of the routines.



Referring now to figures 8 to 30, the user interaction wth the infusion
punp 10 is described in detail. As previously discussed, the user
interaction is principally conducted through the main display area 23,

i ncluding the scroll-up and scroll-down arrow keys 31, 33 contained on the
side and the soft keys 36 displ ayed und?ineath t he display area.

Upon power-up of the punp 10 by pressing the on/off charge key 63, the punp

sel f- diagnogtic.te LD o T i ' A | QLL Ls lit,
hen goes. dar Retepie 309 088t 8 & 50, B BendPacdbn QhBRE Rellbd blnblsS 1
char act efedgaBéd inQietail. NeXpreviblily UfsbBssd, Shd dser infddsbtfols ﬁ‘iﬁhii@él? B8EMEd 1S
activated, followed by the sounding of the back-up beeper. This procedure
enabl es thHieugisthe niain displak afea23 diackidingahssopoll-bip andsavoll-dhencinopd leys 3he3B t he
screen is |it, check for light spots or lines on the display when the

screen i sontainkd] oe ithaside ardeghe safekeng 3 dispiayed undsirrggttathe displayren s are
appropriately_lit, ensure_that al] of the LEDs e.in rkin order, and
hear that theUmaipewr-gaeéﬁwumdstﬁw%gisfyﬁft%ﬁwﬁgé%éc ¢ prmp self-
Once the di spl.ay . L dy. aker . t he..sgreen

di spl aysd{aﬁg&t%ptﬁsrqr%)g?%ré'nfg? fng%ql%ﬁg}é%rgﬁ%%ﬁg%@ﬁ% ﬁt’? ‘?%%5 g?% aﬁ%ﬁ? screen

i ncl udes parbahb®IY dispRY 28 3BumihbRs eaddAflisy Shatde R péstoh Atdidafe REPR YA 24

whi ch graphically denonstrates the anmount -of anp hours remaining 1n the
r echar geahdl ¢thediidible apaskéres hetivdted] follotved by tielsoahdifg bEie batlbap Pespent This! i ne
41 identifies that the punp self-diagnostic tests are proceedi ng, and

i nst r uct prededurgsmablesthe use to cherki for ddrk spas br ikesgndhe display swthen thescreeriis
Referring ' now to figure 8(h), after _the self-diagnostjc tests are

conpl et eg‘,t’ gheek frrdight spots or lines an thedisplaevhen the sereet isidagk epfie Pahire pymps

22y 10 S0t pe 100 B SO ATTRONTOU oo AL PRI SRl o
by the usghe; %%%%ga{g@ muhﬁ;lé{bf’ea]?é}?ﬂ&’bé&fﬁ[pﬂﬁﬂéﬁgﬁ@aﬂe’%cm jure 8(b), a soft

key | abel & nge Personallity” Tmis present I ch enabl es the user to
enter a node tQOn&RBABplay sk LBDSHhPRhler $@tsaité Esmplete, e s6RBA HRPTag tHRN
paraneters, as described in nore detail bel ow Additionally, a soft key
| abel ed "panp piehtificdtionissrepi ecearih figlurdi(g)aThisscidea indludes aratteryricdmr 129. elhe
previous programis still retained in the nenory. Pressing the "new

patient" lattery lcop 1aR fincludes glgauge Y24ewhicl graphisaliyyderponstrotes the amaunhef ampt ory
fromthis c?urrg ¥e|,n(1):u§nng?}1 itheenrgéhaf\gsea{)lgsagnr{i 1gltye‘tgattery. In this initial screen, the prompt
line 41 identifies that the pump self-diagnostic tests are proceeding and instructs the user to
wait until the self-diagnostic tests are over.

Referring now to figure 8(b), after the self-diagnostic tests are completed, the prompt
line 41 instructs the user that the pump 10 is ready to continue into the programming mode.
Additionally, several soft keys are made available, depending on the configuration options
chosen by the user. For example, in the embodiment depicted in figure 8(b), a soft key
labeled "change Personality"™ is present which enables the user to enter a mod;e to change
the previously selected set of configuration parameters, as describeci in more detail below.
Additionally, a soft key labeled "new patient" is present, indicating that information from a

previous program is still retained in the memory. Pressing the "new patient” soft key will

clear the programming memory and volume history from this previous patient. As instructed



12 in the pronpt line 41, pressing the main display key 55 advances the
display area to the main display screen. Prior to progranm ng the

i nfusion punp 1 0, the user is instructed to load an IV tube into the punp
nodul e 16. Referring to figure 9, the loading of the IV tube into the
automated tube-loading slot in the punpynodule 16 is described. Initially,
the open key 94 is pressed, which causes the automatic tube-I oading
mechani s o S ] [ . Ry 3 of f

o1 do ol Tu@ Bk eI Bt e oBlth isBhPhey bORaVIRE 0 ASHAY B3 14 8 10

ori ent at 4pla9fscielg. |V tube. Pulling the IV tube taut, as seen in figure
9(b), the user slides the 1V tube into and al ong the tube-|oadi ng channel
27. Once the [Puoptdfrogetrening thehafusiongmnpel 0, te ustrds instrctbdto loadapIMputE0
automatically loads the IV tube into the ‘groper position in the punp drive

mechani sifito the pyrap mpdplend. Refargng tofignse 9i the Joagingd they Vwbe e thegutamated
iod, 3 ds in.th f . di gent., . af th k 4 h

been pr o isdoRting St PEeD Herfe FEisarmaoRb AT OPE Krele s ke

t hat ' L.oad f .an..] b .

ada t Fond TS Sl e a8 wbe 18T RIBRIpL Y o5 OGS ARG he voer

punp 1 0 p3€itiolstheldifoft Hideltdiings 801irRS tHeORFELS16t 8O whith HEPéiaS@re the proper  After

| oading the IV tube, the main display screen returns to the display area,

as depicrieathtion of tigUVetuBé.cRullidd thel IV tabaliagp hogees i Bgure O()) thel eseristiGesshop
i con 126 which indicates that the punp 10 is not infusing. The soft keys
36 incl udy tahe mptan@)nlongél}e,tubp-lbpdinmggnmkb@,Onceah@ptanp B detptsathe prisence A

et aul t 1ARBRIGALberTHE RAmGpH At asmiisaly aegr e IV ek By b PRESRS ORI Siess ¢ he
"pri " ft, .k ."pi K5 ft.k ' g ]

For 1 hoed Pl Ui ther Bt AT oo Songt ickfia b bt Ao R REY TR BB o
10, 1he " gk udke Pblhe i SR HmAI A e o6OPPHY BS) SELEY hPuiBfarc

rat e-vol une progra ng screen wth t hi gh seen

in figurendéddading meeianiied wilhElosetbiafify thataf thadi@itetQbadifitof 2l ig@ydiRe kv sof t
key is pressed, t he programm ng node assunes the default.infusionis to
be progr atwbedocsie acertre -Adalitionelly, winsnogdf, prasting ttecper keyp$oppaert bn¢hd infitsianct s
the user to enter the rate or press change node, while the soft key

opti onis i penpde spikat teehih tibe penfes lordsd intortbe deNiegyyback” key and | abel i ne.

After loading the IV tube, the main display screen returns to the display area, as

depicted in figure 8(c). The main display screen includes the stop icon 126 which indicates
that the pump 10 is not infusing. The soft keys 36 include an "option" key, a "primary" key,
and a "piggyback" key. A stop icon 128 contained above the "primary" soft key indicates the
default infusion. The display screen prompt instructs the user to press the "primary" soft key
or "piggyback" soft key to view the programming mode for those two infusions.

To begin programming the infusion pump 10, the rate key 68 is pfessed, which
changes the display to the rate-volume programming screen with the rate ﬁeld\highlighted, as
seen in figure 8(d). If neither the "primary" soft key nor the "piggyback" soft key is pressed,
the programming mode assumes the default infusion is to be programmed. The rate-volume
programming screen prompt line instructs the user to enter the rate or press change mode,

while the soft key options include the “change mode" key, the "piggyback" key and label line.



13 Once the desired flowrate is entered by the user into the nuneric key
pad 50, either the volunme or the arrow key can be used to highlight the
volune field. The volunme to be infused can then be entered by the user
using the numeric key pad. For standard primary infusion, this conpletes
t he progranm ng steps. During frogranmng, if incorrect values are
entered by the user, pressing the clear key 53 clears the incorrect val ue
so that tdedRE aQeed IRWA1GS BntBRd by A B4EF R0 theinlehckil key PaSY, leRhdrale pad 50.
To begin the infusion, the start key 65 is pressed. If the progranmed

val ues enoheue enthelalroweislyean begsedpo djghlighttiereelumet field. "Ehemerdtree to be infused

m croprocessor based on the particular set of configuratiqn paranmeters
chosen byapRken hesntered by, the.usec ysingfbe apmerie key pad. For sandard pamanisfisiftnessi ng
the start, ke | I ggyback infusion is desired, the

65, a
" pi ggybadR® c\é&pietﬁ%ﬁbeip?w&gs%%.& The stop icon 128 over the piggyback
rat e- vol une  prggs: ] | | be
e voluTe P ORATTARAALE Al S rlles 6RIE BOChrer A HRIP
volume kel 5¥ ¢Tedrb B2 ih@Srrdchioald s MBENhE Bbiéct Odlue bn 5RBpramntdddidip hO(a) , the
pi ggyback rate-vol une progranm ng screen includes the piggyback icon 131,
and t he dingpérixykeyrmd 500CTolshgin the infosiss,abestankey 65 isgpredsed. Uuf e bgratmengdr | mar y
infusion information. To begin the piggyback i nfusion, the start key is
pressed. values exceed qegliovwablegangs rrepyog@mmen ialo, the mastepmicrepragdssgy basedsaen f or
a single channel wth sf.opped rimary infusjon. The main display .
"ol Udes PRPAHIHA SFASPOPPERUA PAISF BRIV BF Hite 20 HERETIEN SRS Vil
i nfused, t i S| enai ni ng. The main display can further
i ncl ude p?%%?%%dﬁ%ﬁipg%s%ggﬁ%n&%g%%t&he i nfusion, such as the total anmount
of drug, the 1fphbyiiek iifisiBh ischesial) the toighyBadkd seAREPRIdepids @R, ThRSES! ght
of the patient and ranp I nformation. The soft keys 1nclude an "options"
sof t key, ican"|2Biover the pigfybadicidtearhude pragrgaybackrees & dispigyed. Rhesae agd t he
"primary" soft key or the "piggyback"” soft key wll di spl ay the
i nf or mat | ¥aluly tothednfusehincthe pigeyvack$s entered in the same maneer as He ratefand ivohumpainp
Is operating with a plurality of flow channels, the main . _display
di spl ays Fngiinnsior 8 nrimanertusien.r A seandn Sigure l0(@nthg pigRybagkgateskolimpe e

referring ptrggramming screen includes the piggyback icon 131, and the display area includes a

message informing the user of the primary infusion information. To begin the piggyback
infusion, the start key is pressed.

Referring to figure 11(a), the main display is seen for a single channel with a stopped
primary infusion. The main display includes the programmed rate of infusion, the volume
remaining to be infused, and the time of infusion remaining. The main display can further
include programmed information about the infusion, such as the total amount of drug, the
total volume of diluent, the drug concentration, the weight of the patient and ramp
information. The soft keys include an "options" soft key, a "primary" soft key and a
"piggyback" soft key. Pressing the "primary" soft key or the "piggyback" soft key will
display the information for the respective infusion.

When the infusion pump is operating with a plurality of flow channels, the main

display displays configuration parameters for the active channels. For example, referring to



14 figure 11 (b) for an infusion punp with a |low auxiliary battery
condition and two active flow channels, the first flow channel is
designated "A" and the second flow channel is designated "B." Flow channel
Ais a primary infusion which has been stopped because of an air detect,
while flow channel B is a | abel ed, infusing piggyback. Al this information
plus the designated flow rate and the vbﬂume remai ning to be infused is

depi ot ed dghd bfqbggar@ngmgioaéugp%a 1P {olBiudifhr) b cndlidi) andhud GERDE g A P! @

s seen W I nf usi on on ow channel and

| abel ed, chhRRIEEhefiGy ﬂb%lﬁaﬂm fsldayvgﬁ&tedmel arid thé\sébaﬂdi flow@handed & deSignated

di spl ayed for flow channel A When infusing, the display area wll
show a dr'ep! dlowebmrtRa is @ prinvincinfisidnabich hes besn stoppd besaugsafan laxmhte.ct The
program*red rate of deI iver the volune of fluid remaining to

del i ver edhilhlpwchennel B ige #hghé. wﬁng&mga@aﬂve&dmﬁ%mf@mnﬁm@s\m une wil |l
be di spl

t bef h t k
pr essed. @ﬂ&?ﬁ&%ﬁ o 330 %Fem%af’r{gim 5 SRt AR i b el ABaleR. on

roctart | (hee mfﬁ#*?ﬁ@@#%’ st ts 0 RGN, phlsed BT htiion By i o

punp i s ofewhhmi! W ¥ laBéiEd %{d[p};yd ﬁ@g}ﬂa@kvoﬁ FRWRkSnel BneaVRbitTeon 15£1¥R1 Ni Ng
and tinme remaining are not displayed at the same time due to space

const r ai ndisplayedfoir €lomt ¢leanhed A.i gure | Q(b), the volune remaining is
di spl ayed for two active channels with channel A running and channel B
stopped. When Wkeniofusing, ﬂl@mpﬂﬁym\sﬂlcﬁhgwlaaireplet igon 128e indicatathatthey” sof t

key is provided which displays the volune re VWhen the ting :
remai ni ngpP%‘PdgéfoPﬁ’iféwnaism%éﬁﬁ‘gﬁaﬁ“ﬁdgtﬁﬁﬂé’ Id"'giSl tﬂ‘g"‘bl\}%‘f’ Gfr%‘“}derﬁﬁ’iam‘?ﬂgm sof t*

k h
Ko brt ouBY RERfertd ana/of B dind RalstRhe Ry ipe pemaining wolwmle Wil digiRen® MO
Wi ll soungy sTHea PRI BFo%aisREm few@,@swlp]&p e ?ﬁegxq}?fét%nq %%ﬁ or

if the on/off charge key 1s pr ssebl i ng. The ggybac
i nfusi M ibs réglaaedittbiheGtapSicetd 129 ¢h B8 hidkid dlsplajZ'aﬁmmrﬁﬂ"lEEEGﬁmriﬁﬂnger be
I nfusi on tube and pressing the stop key. To continue with the primary

i nf usi on, ilhmeinapd Mforrgitag olid inkesjon, thetaetdeyds pwsselhange the operation node of
t he punp, followed by the pressing of the start key to begin the primary
i nf usi on. When the infusion pump is operating with a plurality of ﬂow channels, the volume
remaining and time remaining are not displayed at the same time due to space constraints.
Referring to figure 10(b), the volume remaining is displayed for two active channels with
channel A running and channel B stopped. When the volume remaining is displayed, a "time
remaining” soft key is provided which displays the volume remaining. When the time
remaining is displayed, as seen in figure 10(c), a "volume remaining" soft key is provided to
toggle to that display.
If the pump is not restarted within a predetermined period of time, a channel stop alert
will sound. The pump also can be stopped if any alarm c« =dition occurs or if tﬁe on/off
charge key is pressed while running. The piggyback infus.on is stopped by closing the on/off
clamp on the secondary infusion tube and pressing the stop key. To continue with the
primary infusion, the "primary" soft key is pressed to change the operation mode of the

pump, followed by the pressing of the sfart key to begin the primary infusion.



15 During infusion, information on the primary, piggyback, and
accurul ated volune infused by the punp since the last tinme the volunme was
cl eared can be reviewed by pressing the volune history key. The vol une

hi story screen will appear on the display area, and information on the

vol une i nfused by the infusion punp, including the date and tine the

vol unme was cl eared, can be viewed. The volune history is retained in the
master mcroprocessor's nmenory for a prédeternined period of time even if
the punp is tpuAgg iffhéion, idfdfnatiindn@E bAmaty) plggdiemk] fr sdaimulaed vbiufi t he
punp vol une history was | ast cleared, the total volune cleared at that
tine, anikfided byuhe purhp dimcethadait timedhe volume was citared gamhprevieived by pedseides

i nstructions_on how to clear the volunme histgory. Wen the infusign punp is
oper at i nfewiolumehistogy key-t Thegrolymehistory seregngwilliappeay on thedipplex 3 aaispl ays

h hi f th lve. | s. . Fl 12. Al I f
Vol ure. hPSPR P h vokE SR e T e 6 PORE B IR e
channe! 38fuindils @blled10NBe vitRE, ¥6YyAlife HRAQY ilRthineliin iignathe! desires 1o

cl ear the vg} Istory, “clear” annel “soft key is pressed. If the

user desii&®ptdtessot'sifidniody fof @ piédefemired pativdbfating Been\pihe PamPiiStugiad TEN een
was accessed, the "done" soft key is pressed. Alternatively, after a

pr edet er ifihadsfotmatior iapludes theviath andtikehspimg volome histery pasfastelbdred, the
automatically return to the screen fromwhich the volunme history screen
was acced@alvolpme clegradiaé thabtime. 2 the syretAntagnd@e, the "new patient” soft
key is sel ect or the.set of confiquration paraneters are cha d, the
vol ume  hi st o?&WIPWPEM%’H‘E}P??%{P'ftwcggn%?‘bgqvé .dearrr%‘c Volume E’W'% & punp
al so provj t L . il g g%&'];}'g, | | o]
change tﬁ%ﬂgﬁg\éﬁ (r?na{f@ ,ob{arhén g’ftg g%@%gllléf °g\rﬁé’§’€éé‘ . I'S coglggéeisﬁfsefé?#e&rg%? e (PIIFH d
In the digabgYofth€active chendlsIIFig b2 cdit@inh bpERinplé 6PvdIRaE hidfdrp fdrag user to
enter the new flowrate, and a "rate up" soft key and a "rate down" soft
key may Hefigionvpuagsiwithiteo bétbw chairels a4 “¢leart Hangeldofiykep uad Sdong" soft tdyearé r at e
up" or "rate down" soft keys to increase or decrease the flow rate.

Al t er nat i previdedt Hghe usendasires to tlear thavolome history.thel “¢learé phaspelgofikay tsal ue into
the rate field. After the new rate has heen entered_ into the infusion
punp, to BEYeA: Liiheussiglesires ihEstyap therserech FamswiiFh the(plyme hystonsscrcen was

accessed, the "done" soft key is pressed. Alternatively, after a predetermined time lapses
with no key selection, the pump will .aﬁtomatically return to the screen from which the
volume history screen was accessed. If, in the power-on programming mode, the "new
patient” soft key is selected or the set of conﬁguration parameters are changed, the volume
history will automatically be cleared.
The infusion pump also provides the ability to change flow rate during an infusion.
To change the flow rate, the rate key is pressed. This causes the rate field in the display area
to highlight. The prompt line instructs the user to enter the new flow rate, and a "rate up" soft
key and a "rate down" soft key may be provided. The flow rate can be changed by pressing
the "rate up" or "rate down" soft keys to increase or decrease the flow rate. Alternatively, the
numeric key pad can be used to enter a new value into-the rate field. After the new rate has

been entered into the infusion pump, to begin infusing at the new rate, the start key is pressed.



16 Once the volune remaining to be infused reaches zero, indicating
the infusion is concluded, the punp will automatically enter a

keep-vei n-open (KVO alert node. During this alert node, the punp will
continue infusing at the | esser of a preprogrammed KVO rate or at the
programmed rate. To exit the KVO alert node, the stop key is pressed. The

I nfusi on punp can then be programmed far the next infusion or t-he punp can
be powered off. After the end of the infusion, to unload the IV
tube, the op®nckale valupe essadning Thke infiusesh raacithsizeroa indieating dhel infpsionds es t he
slide clanp and opens the tube-I|oadi ng channel tc;h@&éo‘vy remgval. of the IV
t ube. Ugorcludadsthe pusmp wikautamatiggly eptsea kgePryelthoaRe h? £ PugPgse.

Al t t. o t IV t h t.b ] d
i e, perhidaie mage. sacuimh Wi Sanitpos Bt o B0 SEa BiebPerdhnRbRUPER ISV,
can be ro?'z%%}% 3 a%u%g%mm%a&leﬂs ﬁgzgg&hfﬁwsk@ﬁis%ssédt Tt}%e open

key is presse the 1 nfusion punp 1 e open key wil

t enpor arh i PMeip E4hahétbd profrdammel foPile nextMivRkionfor tiepunp tantte podleeedi spl ay
area includes 'a special instruction directing the user to close and
renove tdfg slide clanp and the IV tube. As an additional safety feature, a
manual tube rel ease is provided as a redundant safety feature to_allow the
IV tube to beAﬁeume@adlegthb#n&lﬂen,ltgadioné;th?é&’ﬁabﬁ,éhﬁ PRSBGFE S MESab| Ehe

The lock function disables all |k he, mmai

31 Spl 2. PUFBP I SHETRRARY SRS e AR SRS s AP PO B LOns ol
t h n t M n n M n : n M n n ) n P n | t n

Sort ey SR Pt B phion LperRkRBIRR e v ERAIAC R Bt AR P

i nfusio “c1BHéTPdAitémhﬁvé}y,%? AR TV YLEDNS nBf bt riEreafienh PrideRnminedtime patiad,m
or alert conditions present: \Wen the |ock function is enabl ed, the display

ar ea i nctyedaschanism WilLdatoristitaligersd.n the pronpt line. Aternatively, an

aut o-l ock function can be provided whi ch automatically | ocks the front
panel keys af tTae I¥ntubséandicoembressl dyemrinitsimontputhpi thatris nel pewesed on. df thejaeps are
present. The | nfusion punp includes saveral addi tional user

f eat ur es keRrés pressed gvhilsithe igfusion mump is ©ff; thegpen kespwh! (sPRIFEHRP Y BSBRMR ch
di splays a?lgwo c'r[nio(\)'a Sof)%cnp\?%bi:.f Tlt-xet] gisi;lg? %ieg rllnch?c@; b special instruction directing the
user to close and remove the slide clamp and the IV tube. As an additional safety feature, a
manual tube release is provided as a redundant safety feature to allow the IV tube to be
unloaded if the loading mechanism becomes disabled.

The lock function disables all of the front panel keys except the main display, volume

history, and back-light key, and the arrow keys as well as the "option," "primary,"

"piggyback," “channel select" and "select" soft kej(s for viewing. The lock function can only
be enabled when the infusion pump is in a standby mode or during an infusion with no alarm
or alert conditions present. When the lock function is enabled, the display area includes a
lock icon beneath the prompt line. Alternatively, an auto-lock function can be provided
which automatically locks the front panel keys after an infusion has been started if no alarms
or alerts are present. '

The infusion pump includes several additional user features. Referring now to

figure 13(a), a pop-up window is seen which displays an options window if the "option" soft



17 key is pressed fromthe main display. The options nenu includes a flow
check feature,.a current PersonalityTrmview feature, the selection of the
downst ream occl usi on val ues, the battery charge |evel feature, and the
configuration/service feature. In order to view the particular available
features, the user highlights the feature to be viewed using the scroll-up
and scroll-down arrow keys. The current 1P7ersonal itymview feature all ows a
qui ck review of ., the current set of configuration paraneters, as described
i n det ai lkepés$ pressed from the m#tefdésptayn Jhe opfiorgunenuliBélibiics aflaiv slpichfeatmrea i s seen
whi ch includes the flow check display feature. The flow check_ display
feature pRFFRGRArsqalityf¥siewfeatire, tng #ﬁ?ﬂ‘@& of thedowastram eaglusionsatrssrtBam

oSt SRS, SRl G PLS 61 LS SRR A8 SRR 130 0
€51 St anSgencdllonanse Kb ROk WA Rokfrd bt o BPchPIARRI L, o

has been @@actsiPdowbiRowikags. 0T GidfeREPeridrality Th afevbRefird W s defhicki fdiew of
occlusion alarmis enabl ed. The downstream occl usi on val ue all ows
a user t cthe euirent sahaf cohfipggmtise barameters, af ddstwibed idderad belesin occl usi on | evel s.
On selecting the downstream occlusion val ue, the options menu w | |

di spl ay a downBefeming odigune i h). aalisntaytaren is seepswhieh cjudes thg floav aheleyisphatie
pr onpt I ne instruct h ser _how to. change the sel ected,. val ue The
sof t keys}eﬁﬂ’ﬁ'u © How g“é‘h‘ﬁﬁé@" fca“’é?)?"t""%?& ?he Sef, %m‘céﬁﬁp?%e@h%nd a
"sel ect” " "Rl W—iﬁ r. A he

val ues | néﬁ{lﬁtﬁ%rggigt %8?43‘%4%11 ry %%g{egeélgﬁ%{n bt0 ﬁiie“h egl ’arsl_g%r%d1§ S‘gﬁrﬁd‘é @gé‘l?

squar e i nglarality of HangR8 " 3¥as 1RSvit&] WRRAISHrEREt ME AbWALRAMVRIWASistadhBE
"select" soft key is pressed on the options nmenu, the scroll-up and

scrol | - doWhearonewrikels 13813 filizdysaithal Howicghditigns aré pesent.n®ilien allv€theange, and
the "select" soft key is pressed to | ock in the new sel ection.

As seen i Higniglpsrld8 ney filied, theeddyastreany flowdrag be¢reaasiuded When thstdovmstreamn flow
all ows t hE user . to accgss ii nf cir mat ieggblr egarding the battery charge |evel
of the auRfbesnpeplidedithe ocghusionalaray is ¢harge icon 122 is displayed in
the main displ aﬁfxeadro%%'strgarhg ogcrlgsqpx'{ vzlhilenaeilcjvpssa:[ &slejng osre\'sig\% and gﬁangg\éélection of the
downstream occlusion levels. On selecting the downstream occlusion value, the options
menu will display a downstream occlusion value table, 55 seen in figure 13(c). The prompt
line instructs the user how to change the selected values. The soft keys include a "no change" -
soft key, a "PSI/MMHG" soft kcy,- and a "select" soft key. The "PSUMMHG" soft key
allows users to view the values in millimeters of mercury instead of the standard pounds per
square inch. If the user wishés to change the occlusion values, the "select" soft key is pressed
on the options menu, the scroll-up and scroll-down arrow keys can be used to highlight the
new value rz;ngc, and the "select" soft key is pressed to lock in the new selection.
As seen in figure 13(d), the battery charge level on the options menu allows the user
to access information regarding the battery charge level of the auxiliary battery. The battery
charge icon 122 is displayed in the main display area. The prompt line instructs the user how
to exit the battery charge level option. A “done" soft key is provided to exit the battery

charge level display.



to exit the battery charge | evel option. A "done" soft key is provided to
exit the battery charge | evel display.

18 A final selection on the options nmenu is the
configuration/service function. This function is made avail able for

hospi tal service and upkeep personnel for punp configuration selections
and for product service. Access to thisjgunction requires a pass code entry
nunber, which is intended to be kept by authorized personnel only. This
function i s desfindlizeldction onctht aptionsehany.is the configuratiiereerdte fisiclidn. OTiad

features on the punp are described below In figure 5, a "label [|ine" soft
key feat funsctinnds madnavailple forthespital seraticp and npkesp personnsk forpympeonfigurttio a
list of informati gnal éabel&, i ncl udi ng, sol ution, .therapy and nedi cations
| dont i 11 PFUARS Anddprroqust saayice. o ceast 5y HisdPRTIOR FRANFES & BRSHOR0 DI e t od

The- sel o2t FAAGHENTRR ERE ABICFRREpaoRRl toly” T B e 7 0"

i nf usi on.deflliveledy] OWs the user to readily identify the solution or

medi cati on being infused. To select a label, the user selects the
"l abel Iine" <SS¥verakegditional fegtirésorpthe gumpraredescriveddelowiarfigubes,al"adyel | i ne”
soft key is pressed, a pop-up screen of avail abl e | abel s, I ncl udi ng the

ful | nandinst sefykeyfastusamapseent fibe abyl Iihrayalllows thesseinte seleet fremallistof

S oon T’ ripfhinational Iahgl: Fichiste Yolon: By AL TeTEH s LeniPEiogp cSelectiontol
whil e "no-change,." " un. " rpage .d " d "select" oft keys e
T ovt ded e R Rtiena AP iRy (8 SR e proB g modBtleed AU
t he us ' thpl i I An
T ow | oo Bl Blsplal berbbil, (THYE|cSCATARP 10 ndy B WP Ted SPfeTHAIE ALy

avai | abl eduiriig! infisford T ARSs thEustk (OWadiBPidentHy the¥olutiodast mddidatién bERE"
corner (not shown) if previous screens of avallable text are provided.

The scrol infugedand scrol | -down arrow keys are used to highlight the desired
| abel . The "select" soft key can then be used to select the label, with

the display ar &8 salgeioniabslcthe pser seleets ghe 'flahgl Bagt isoft key ding S PEgRmgingcr een
with the lm%%g.l V?heénet é ﬁlgbeq ilﬁg'l 90%?196){ is pressed, a pop-up screen of available labels,
including the full name of the medication, therapy or solutions and the label abbreviation,
will appear in the display area, an example of which is seen in figure 14. The prompt line
instructs the user to select a label while "no.change," "page up," "page down," and "select”
soft keys are provided. The "page up" and "page down" soft keys are provided to enable the
user to scroll if multiple screens of available labels are used. An arrow icon is provided in
the lower corner if additional screens of available text are provided. An arrow icon is
provided in the upper comer (not shown) if previous screens of available text are provided.
The scroll-up and scroll-down arrow keys are used to highlight the desired label. ‘The
"select" soft key can then be used to select the label, with the display area automatically
reverting back to the programming screen with the label selected displayed.
The present invention also provides several available programming modes for primary
infusion. Upon selection of the "change mpde“ soft key in the programming mode display, if

the programming mode is in the primary programming function, an change mode pop-up



The present invention also provides several avail able programm ng nodes for
primary I nfusi on. Upon sel ection of the "change node" soft key in the
programm ng node display, if the progranm ng node is in the prinmary
progranmm ng function, an change node pop-up

19 nmenu, as seen in figure 15, is displﬁ¥ed. The change node pop-up nenu

I ncl udes node and function subroutines he node subroutine includes the
pi ggyback subroutlne previously described, as well as user- elected

pr ogr amﬁlﬁ'g“a ap e inifigaee bﬁg&ﬁl&@}axe&t dihg shefgs modgPGPRIP/ M infludesmede an
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prine su sQHBédq‘is ’w%ll‘é%%gler-tsgle@tiés %ﬁfﬁﬁr& duBroifihd¥ sieh h'tdoltbe i n corder to

ensure that no'air Is 1in prior to infusion. In the primary

pr ogr ammingg/kgngin, mpiin, ﬁdlﬁnbeﬁd,lbﬁiM‘g: abéscrideddn athre tétail pelowe subrouti ne
I s accessed by pressing the "change no soft ke The scroll-up and
scrol | - down aiThefurctips sebroutine lad'pﬂcmmimt submught a‘gxitamdbe' spbiouting.i Bied, whi ch
can be selected hy pressing the "select"” soft key The di sp I;mharea t hen

di spl ?x:ﬁ‘“’é PNy S g s T v etr e Sl s i
tube. A raY BT piRah nisBh T e gomaBkREEmIPE MOsS I 1Y Pt he
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shows the prine pop-- up nessage seen |n |gu Pressing t one"

sof t key seBUCuCATINCASTI- 86w hrrd kBY S Whn HeRimpldied td 18 gl SitBY pth € BeldPwhitd can
primary infusion program The standby subroutine all ows

pr ogr amribagelettet by ppessinguhd Tselett" svfikey.nGhe dieplay amé thenalisplaph tis, prichepsi-apdby
subroutine disables the channel stop alert notification. To access the
st andby $uAsERAS phreen imBgwel§(a)- The nranpsding instrudinihediseip nresy shedipeimes saftt o
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figure 17{{vhessab@84RYn kigudl 1%@)@35?&3&(@%@--&&@- REAIY Jpbh BEAPIEROA eﬁprnﬁﬁ{gal ly
appears. PressiRAg
returns the display area to the primary infusion program.

The standby subroutine allows programming of the pump without starting the
infusion. Thus, the standby subroutine disables the channel stop alert notification. To access
the standby subroutine, the scroll-up and scroll-down arrow keys are used to highlight the
standby function in the change mode pop-up window. The "select" soft key is selected,
which causes the standby pop-up message seen in figure 17(a) to appear on the display area.
After a brief, predetermined time, the main display screen reappears. However, as seen in
figure 17(b), standby is displayed where the program information normally appears. Pressing
the "primary” soft key, the "piggyback" soft key, the rate key or the volume key disables the

standby function. When disabled, the display retumns to the programming routine, based
upon which disabling key was selected.
As previously noted, several of the operating routines relate to the optional dose

programming subroutines. These subroutines allow the user to program the dose of a primary



the "primary" soft key, the "piggyback"” soft key, the rate key or the

vol unme key di sabl es the standby function. When di sabl ed, the display
returns to the programm ng routine, based upon whi ch di sabling key was
sel ect ed. As previously noted, several of the operating routines
relate to the optional dose progranm ng subroutines. These subroutines
all ow the user to programthe dose of ggrimary :

20 infusion independent of patient paraneters, based on patient body

wei ght oinfosiseihdepemienpaftpatient parshetarsiibhsed @engatient Hedy weightpt ased Wypndose
prograns which are independent of the patient paraneters include ng/hr,
ng/ ni n, Padentibady seracr areay Fpr eyample, sbeilose programs whick-areipdependsnt efgbe

progr ans i ch are based on patient. body, wei ght, i ncl yde ng/ kqj hr,

o Ko RGNS S R i O, PP R IeE B AT SRR Exar npl es
of dose | Em” ,Qﬁa}e _ e imncl ude

ng/ n2/ hr ﬂmgjﬁgﬁﬁi\ﬁm%ﬂ Enl ts %ﬁ?’%sreg%b ' tggwﬁéﬁgﬁg%??@%é bse

pr ogr ammiAgyksAmhOmeE/RE/r, i) ulifts/kgMrS AP RNBYAIS Hxainples BE@SseeNt er ed,
the master mcroprocessor wll calculate the final paraneter. For exanple,
i f the doesgramasviicteare badedroncpatiant toty surfane ereh iretlddermg/n2fHremeg/ng/Mraandeen
entered or calcul ated, as described below, the master m croprocessor wl |

cal cul at canitsm play the rate. Simlarly, if the rate has been entered

and the concentration of .the drug has peen entered or_ cal cul ated,_ the
master m cropr ggeteor\?o{ s prgeraiming ua'iws*pwﬁsn PO s Parametsrs hays

. | d, if
The. doge B eRPReG i et CRRRE R POl 1F P ForBletf orgRuteriec. |

aut omat i Cikldysd Bt btbRd 304 L DR RO IRYNIB eS8 Been entered or calchfatdd)8s

concentration of the drug to be admnistered 1s known by the user, It can
be  dir eddseiibédipaléw) thé thabtBLmidbptotaBorillBalchlbtel dhd displagahd fatd. i Sithillafly it
known, the user can enter t he drug anount and dil uent vol une, and the
mast er ni thegptedee bewrentdréd ansl tho paricestadtion of thealregihastteem enterddl optalgulated, the
concentration. Referring nowto figure 18, the programm ng of the

i nf usi on P@HET micrapoeesseravill icylnte and displayethe doseo frEariheRpCoRsHY Parampdergser

uses the scrall - .
Réve been entered and the dose or rate calculated, if the dose or rate values are changed, the

master microprocessor will automatically recalculate and display the new values.
| If the concentration of the drug to be administered is known by the user, it can be
directly input into the infusion pump. If the concentration is not known, the user can enter
the drug amount and diluent volume, and the master microprocessor will automatically
calculate and display the concentration. Referring now to figure 18, the programming of the
infusion pump is described. From the primary programming modes, the user uses the scroll-
up and scroll-down arrow keys on the change mode menu to highlight the appropriate dose
formula selection from the examples previously set forth above, an example of which is seen
in figure 18(a). The prompt line instructs the user to select the programming mode. To select
a programming mode, the desired mode is highlighted and the “select" soft key is pressed.
The display area then displays the dose programming screen seen in figure 18(b).
If a dose infusion has been retained in the program memory, the screen will initially

display the parameters from that infusion. To clear the displayed parameters, a "clear



up and scroll-down arrow keys on the change node nenu to highlight the
appropri ate dose formula selection fromthe exanples previously set forth
above, an exanple of which is seen in figure 18(a). The pronpt |ine
instructs the user to select the programm ng node. To sel ect a
progranm ng node, the desired node is highlighted and the "select" soft key
is pressed.- - The display area then disghays the dose progranmm ng screen
seen in figure 18(b). I f a dose infusion has been retained in
the pro DRI Ve i r | WalRAe s : ters
fromt h%té tQii?%f usi o%{y li;)l' &g%gé?%t@ rcllé@édﬁg Pl ayelgé ;E)%ésglrrlgtg Ittalragg @%@%Fg@’?&ﬁﬁﬁ

21  set tihsigRets theuberke¥ntesSthp agmaRdin tHatdghlted ficldr &0hinggndde & ehabellideydes a
pronpt line which instructs the user to enter the amount in the

hi ghl i glandd'unite] seft keghamegeovidetk, The'doabplogtammaing screamincludes the megsuringeys ar e
provi ded. ,The dose _programy ng, screen includes the neasuring, _units for
each of YMh§ e%m@éef Hhe<cAtoRorpRar doss intermation,. Hithe 158 WAS fo GRiFR dffeTnbwlis
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d -down arro

scrol |l -up and scro eys are used to highlight the destfed
units, Wrhdsdrbit-upead eablikRymrRssrd s bt WwBatOkighlght e disisdd ats With the Upon
selection of the alternative units, the dose programm ng screen is again
di spl ayestlecDkey peesstdse changgitathi degirglouniten Upbh eclietioni ofithe gltarmatiet enits, the

hi ghlighted for entry by the user. Again, the_scroll-up and
scrol | - dBO%¢ RIPEBRINESY ScTReihisgaindisplayed) ©p thepdase prrerammpingsereghitbeliniéalt | on

into the_desired cai F le, if th trati is k , th
scr ol | - uBRERET et BENTEIRGH fneRu Pk B Etan be used to highlight the
concent rat i on 3t AE! ol R 1081 GABRERLL Al 00 RREARLRER e TH S

elimnates the heéd to en e drug anou uent vol une

par anet ehishlightedRrifANaRthE 8bdiRA chi &?I FhkP&Wmpld, BEthe eoRkehtratidnd8 Bnown, the
scrol | -down arrow keys can be use% o highlight and enter the drug anount
and di | usablingl amdescipdi-dovei etrow keyd da be heedmadighlight theepicentestion paraiaeter

cal cul ating and di splaying the concentration. The scroll - up and '
scrol | - d@m& the capgendragion cambe prterede Thiseliminatés theheagito entauthe drug améunt @ond e

field or to
dtiluent volume parameters. If the concentration is not known, the scroll-up and scroll-down

arrow keys can be used to highlight and enter the drug amount and diluent volume parameter,
with the master microprocessor then calculating and displaying the concentration. The scroll-
up and scroll-down arrow keys can then be used to highlight and enter the dose field or to
highlight and enter the rate value, with the master microprocessor calculating the unknown
parameter.

Prior to starting the infusion, the use must confirm _the calculated settings. If the user
does not, the display area goes to the confirmed settings message window seen in figure
18(d). The prompt line instructs the user to confirm the setting by pressing the "confirm
setting" soft key. After the settings have been cbnﬁrmed, the infusion is started by pressing
the start key, as previous described. The display area returns to the main display which, as
set forth above, displays the rate, the volume remaining to be infused, and/or the time

remaining for the infusion, as well as the dose.

v



hi ghli ght and enter the rate value, with the master m croprocessor

cal cul ati ng the unknown par anet er. Prior to starting the

i nfusion, the use nust confirmthe cal cul ated settings. If the user does
not, the display area goes to the confirned settings nessa~ge w ndow seen

in figure 18(d). The pronpt line instructs the user to confirmthe
setting by pressing the "confirm setppbng" soft key. After the .settings
have been confirmed, the infusion is started by pressing the start key,

as previous qegeidplsfal dbSepdbaRining Frtfioh ¥ wiilized based bR pated vabigi) &y whi ch,
as set forth above, di sp?ays the rate, the volune remaining to be

i nf used sirpitat/ prograimenihg sEbroutirerininilized. Refertingta figwe i Bra doge prgrdmming he dose.
22 | f the optional dose progranmi ng function is utilized based on
pat i ent sexsenhaving parameters relatedsigrrapgramening bassd op the pablentisiweiglids segf diring to
figure 19, a dose programr ng screen havin anmet ers r.el ated,to

pr ogr amAddifionde the ﬂgl?aﬁgnggtyg@m Pr§."\RB?‘~§ﬁqur@’°§’3%?£§’leﬁ 8 ‘5515*’{511?‘3 %o the

pr ogr amy ' ' . i8Rty hH8bE t be

or 00"l ABYALU, SEUPUSIN: SRR Bt Dy AL RS REnEHA, D
ent er ed yiidd atﬂégkﬁbéraﬁx% okP&&ﬂEf\ﬂi&x B uRRY BélScted byl dbind e LimitsS s6Rkegted by
using the "units" soft key to highlight the appropriate selected unit.

Si mi | ar | pighkightake sipropmriat sdesed ymitogr anmi ng function is sel ected based on
patient body surface area, a dose progranm ng screen is used which

i ncl udes par afimvidarly, ifi ancoptiodaltdose priogranfrying funntion isselegierdbasnd qropatigat body
programm ng of each finction as previous]y, desc

. i bed, the dnse rogramm n
screen i FETa58 852 HEOSSRATPERMMNG sfacend§ ppesd whigh E&E‘@Mm’ﬁﬁﬁeéﬁfgfe&ﬁdqaﬁ%een ig
figure 20Q. This,BSA.par ter i ed.by.t ool ol r
Lo et BN BB SR B e RN Bl MBS b0,
Opt i onal bébg(r); A eﬁfaﬂcm&esﬂﬁ&garﬁ%wﬂ{?ﬁo-t tshiiad d36h (HISR )Rt MERer! 85 Ren i Used

and tinme I nfusi on paranet e he mast er m Ccroprocessor

cal cul at ifiggrd 718 THiOBSHApRamdiei & ub@PByHhE mastes nivi@ploadsser toralalake thbdogt ormar y
and pi ggyback nodes. To access the volune/tine programm ng function, the
"change matdatilizingta BSA cakulndbekdoyeh ingdbe sen in figure 21(a). A

vol une/time programmng screen is used, having paraneters related to,
programmi ng b&gipnally, the pump can be programmed utilizing the volume to be infused and time

of infusion parameter, with the master microprocessor calculating the flow rate. This feature
is available in both the primary and piggyback modes. To access the volume/time
programming function, the "change mode" soft key is selected, as seen in figure 21(a). A
volume/time programming screen is used, having parametefs related to programming based
on the volume to be infused and the time of infusion. Utilizing the scroll-up and scroll-down
arrow keys, values can be entered for the volume to be infused and the time for infusion. The
pump then automatically calculates and displays the flow rate. As seen in figure 21(b), to
begin infusing, the "confirm settings" soft key is pressed to confirm the entered values as well
as the calculated flow rate, and the start key is pressed.
The ramp mode allows the user to enter a total volume for infusion and up to four
individual time parameters. These time parameters include run time, delay time, ramp-up
time, and ramp-down time. Run time includes both the ramp-up and ramp-down time

parameters as well as the additional level delivery time. Delay time is the time prior to ramp-



on the volune to be infused and the tinme of infusion. Uilizing the
scroll -up and scroll -down arrow keys, values can be entered for the
volune to be infused and the tinme for infusion. The punp t hen
automatically cal cul ates and displays the flowrate. As seen in figure 21
(b), to begin infusing, the "confirmsettings" soft key is pressed to
confirmthe entered val ues as well as Lhe calculated flow rate, and the
start key is pressed. The ranp de allows the user to enter a
total volLuRphdndthe UEYiLS A8 afd)presblectdd KO rate. Renfifliny tifidad theitiffe QUVRERIELS -
These tine paraneters include run tinme, delay tine, ranp-up tinme, and

r anp- dowthetdentze téeaing 6o the ddveldtivegtrate! Ranpadgrvuis thertime stablishiad forithe
paraneters as well as the additional level delivery tine. Delay tine is the
time pri gevieptorramp-down from the level delivery rate to the KVO rate.

23 up, when the device ryns at a preselected KVOrate. Ranp-up tine is the
time establi sﬂ:é?fnﬁ]b"r en‘?‘ﬁé PRATFEE, 5 AT MiSTAPEeceiar F"S%Fteg&eirgﬁs? pecessany

e e I . \ . -
Fover ot badmeu e SH AN GG, Mhe A5V EfinlatBAR BOIGEHRLAE
the mast @yriflk HORAPAES 1Vl @éﬁ@%@{%&&@m@s ROGAS ALY voluthdRiiLaRl t he

time and vol une requirenents. vol une i ncludes the volune 1 nfused
during t Rerikgie KIVO detyelime ek veshy volafifd defiigred duving theeamp-ap)ieldl dehvdrhe

vol ume delivered during the KVO delay tine. As such, volune delivered

duri ng t lredramp-depn timesds calewlated bgsed oartbie totalyohiowrto be imfusdddessahe wblamed
based on the total volune to be infused | ess the volune delivered during
del ay ti rishiversd duEng felay timgr dssoepin figuse 22@htheTamp RIRFRRIEIRE $Eeim inplafierdes
the total, volunme, run ti.ne, .delay tine, ranmp-up ti and r -down tine.
These. partii el onhe b R o, fheysepore AR 8 copipw o HFRGS Bt Rmeis T
arrow keysnt | 31303 ] | A “y%(%;g t kred
val ues ha‘%’él b%eeggeg%nl%tg%%é, &tg ﬁgrgglﬁlﬁp%\gmgﬁ%uc&cﬁu%ﬁ et hé@}de"g\lllgkhtt gﬁsF\%e ;/zftr?at e.

The | evelfiglg] Wighalll G¥tBe Ydqhiredealbs HAVQKEG RRQVE tie B BEdimasty thedevel 140.
The "confirmsettings" soft key confirnms the entered values as well as the

cal cul at edelivemedate. ditel lees! deliwireratelwilbbgdisplapéd sbiong a rathp ddivery icke 140.5The
pressed. VWhile the punp is infusing in the ranmp node, the current
rate of i ‘tronSrmsettinge sofl koy spyfirmsphe seteredivalugspgivell pethgicpichlgteddevsd i nf used,
and the t.tii.eq]xave;;g?é. ni‘c? gegfircx) IinfElsri]r(::fg, itl?ef sutasrlt ﬁgy ?srp?'essed.
While the pump is infusing in the ramp mode, the current rate of infusion, the delivery
phase, the volume remaining to be infused, and the time remaining for the infusion are
displayed, as seen in figure 22(b). The main display also includes the ramp status icon 142.
The ramp status icon 142 includes a likeness of the stages of the ramp infusion, including the
delay time 144, the ramp-up 146, the level delivery 148, and the ramp-down 150 periods.
During infusion, the ramp status icon 142 is continually updated to show the progre_ssion of
“the therapy. The portion of the ramp infusion that is completed is shown shaded in black.
The prompt line includes the user instructions to view the settings for the 'ramp infusion.
Upon pushing the "view setting” soft key from the programming screen, a ramp infusion
parameter screen shows the entered parameters for the ramp infusion. If the "view settings”

soft key is chosen during a ramp infusion from the main display, a ramp-in-progress screen,

which includes the rate, volume, and time as well as the ramp status icon 142, is displaycd, as



di spl ayed, as seen in figure 22(b). The main display also includes the ranp
status icon 142. The ranp status icon 142 includes a |ikeness of the
stages of the ranp infusion, including the delay tinme 144, the ranp-up
146, the level delivery 148, and the ranp-down 150 peri ods. Duri ng

I nfusion, the ranp status icon 142 is continually updated to show the

pr ogr essi on of the therapy. The portipe of the ranp infusion that is
conpl eted is shown shaded in bl ack. The pronpt line includes the user

i NSt r uckeearia figure/2H0). (The praiptiling $n therdisphey areripcludésusptions availaljero theakeng t he
"view setting" soft key fromthe progranm ng screen, a ranp infusion

par anet dependingupontthestatus of theramp dnfysieaniaites exammle ohthestatys depictediion. 1 f t he

"view settings” sof ey.is chosen during a. JJa L.nfusion. fromthe main
o Spl ay DR 22 dhiipe leyF ety e RPconatriatth B b iles i dbiriistel e, "and
time as I t b | , 1s displayed, as

24 seeﬁ%‘ fﬁ%ﬁ?%%?c%@T%ﬁ%?}loﬁ%?mﬁ?%é in the display area includes
options avai liaRlrgertd ulilt e S%tioxﬂﬁ@l%?@bﬁ&r, WRAMop Béhstl Alddfinled O e’ BEP.
infusion. In the exanple of the status depicted in figure 22(c), during

| evel dekhsosicgniideeoroIhe dfopaeasor dddteachal tlie diipashantbet abovemimcihdd &vgl 6P
down. Thus, a "ranp down" soft key is provided. In order to

uti | i ze theiEV dphe eomaectelt ophe primary, soupee flpidgentaines o When the drepsersdr samseshe dr op

sensor ggnntﬁct aor. The drﬁlg\ sensor js attached, to the gri gv hanber . above t he
fluid | dhaytheprimapsoupes fd copRingE ISR 2CARAIBET-FRPYY dlei Milbogoupprd the

cont ai ney. . \When, the d sqQr ,sensgs ,that the pri I Vi SOUFL | uj,d
cont ai ne ev?cse-\gﬂ&)\fxs.}se {@gﬁ(ﬁ ﬁ%? Sl‘érr%tf g‘eé‘?"'&r w0 m%cec mr%y éln f“ﬂ@ﬁﬂgoe“\’/h:ee- will
i nfuse ' : i : kM|
ol o tionfer bl aleft, tHeABibE dBipbicpor & GARLEERARERLVMBAAIIII 1\ oy

t he pri mafysed @eld R rio® mafdatory N Lhe Prifiaey-tolinhe i@ be iBfeat HE1Y is rot eftBRd, the
pri mary-vol unme-to-be-infused field is not entered, the infusion punp wll

oper at e mfusitrepymp gvil wperateat thetprbgratmerattrunti! the dewgr sededraletestsan eappyt ffuiid ui d
contai ner. The punp is capable of functioning in a variety of
cl i ni cal cQa®er.r om basi ¢ t hr ough advanced programm ng functions. In order

| nventi on | ncl9BELRE SARRBIS Sionineghr st ot dhen Sy ek TBREh
Dar ! © havanly Bllflnd e HiES RS [Forkbh HRiREE u8laciR e bRl RiicBP" 2=t o7 S

screen, _
application, the present invention includes a variety of configurable sets of configuration

parameters. In order to access the custom set of configuration parameters screen, the "change
personalities" soft key from the po.wer-on screen is pressed. In figure 23, examples of custom
sets of configuration parameters such as the general floor, pediatrics, neonatal intensive care
(NICU), critical caﬁa (ICU), and home care are listed. To choose a particular set of
configuration parameters, the scroll-up and scroll-down arrow keys highlight the chosen set
of configuration parameters. To view the configuration of any of the chosen sets of
configuration parameters, the "view" soft key is pressed to display a Personality™
configuration screen. To chose a set of configuration parameters, the "select" soft key is
pressed.
To configure the sets of configuration parameters, the configuration/service function

of the options menu seen in figure 13(a) is selected. Upon selection of the



personalities"” soft key fromthe power-on screen is pressed. In figure 23,

exanpl es of custom sets of configuration paraneters such as the genera

fl oor, pediatrics, neonatal intensive care (NICU), critical care (ICU),

and hone care are listed. To choose a particul ar set of configuration

paraneters, the scroll-up and scroll-down arrow keys hi ghlight the chosen

set of configuration paraneters. To VA%w t he configuration of any of the

chosen sehfigwrhtiosuivice Binkiion A HAswITE bRFySscrdeh SeenMih digiresBif dppksty. The pressed to

di splay a PersonalityM configuration screen. To chose a set of

conf i gurpassvend pamacse&/xetrcm,ly pioper hospital persoroel adeess theconfigpmatign/gervice routine.  To
aneters, the congéﬁuration/service

configure the sets qof configyration par

functi on "€ HS?“’PH@“%%W&?%“W%% H“s@éﬁ”‘?r& Theanthorizsd persprnelenier g pumerg)y o

sel ecti h . . . . 2
cont | gurPRPResdE pies o wseeg i e conBRwRgR s istoyting: The PRSI FIIY 195Ee 24
appear s.indiifes PRIGUNisARS bf B8 sbfthre Ysion Rl HREAFSIBAPLiB! APRASRNIRIf jA5CesS
the configuration/service routine. The pronpt line'directs entry of "the
passwor ds prdiédeiditoReittBeufifg.sonnel enter a nunmeral password in order to
proceed in the configuration/service routine. The password entry screen

i ncl udes a r ePpemsuseedsid entmyobi valivepasofardvarconfigurstionfsarvice menu sdressi asn  punp.
A "cancel " soft k% is provided to exit the rqutine.
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aut hor i zeshpitADgdRbdnakl BarBS8 e chifiguraivalc? ond ﬁﬁxsﬁﬁﬂéﬂxﬂﬂfo%bﬂz@r Rifusiee
I nfusi on punp to another infusion punp. The downl oad configuration allows

t he aut hpempedhhdspntoat cpefiigoation allboows thavanthorided spitaliferseiug tgpdomanload the
configuration through the serial port. The configuration service nenu

i ncl udesinfusige puwp cosbguratianthegughdhe segaleports dihe crGEUrItRE PeRficepeiton i s
ooe on" i 53830 5o BRRSRY ettt SRy oy et S ARG el
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nodes an usi on arns, ors;“and
l'abel |1 kieaPefsonality™ configuration utility includes as components a Personality™ list, infusion

modes and features, infusion limit alerts and alarms, drop sensors, and label library.

When the Personality™ configuration utility screen is entered, a Personality™ list is
displayed as seen in figure 25(b). The power-on default set of configuration parameters is
identified in the display. "Done," "up" and "down" soft keys appear. Upon highlighting a set
of configuration parameters, a "change settings" soft key, an "enable/disable" soft key, and a
"copy Personality™" soft key appear. The authoriied hospital personnel can modify or view
the set of configuration parameters by using the "change settings" soft key, modify the name
of the set of configuration parameters by using the "change settings" soft key, copy the
configuration of the set of configuration parameters by selecting the "copy Personality™"

soft key, or enable or disable the set of configuration parameters by using the

"enable/disable" soft key. When a set of configuration parameters is enabled, it will appear

Fr



When the PersonalityrMconfiguration utility screen is entered, a
PersonalityTMIlist is di spl ayed as seen in figure 25(b). The power-on
default set of configuration paraneters is identified in the display.
"Done," "up" and "down" soft keys appear. Upon highlighting a set of
configuration paraneters, a "change settings" soft key, an "enabl e/ di sable" -
soft key, and a "copy PersonalityTni @@ft key appear. The authorized
hospi t al : ' AVA f I QUL AT 7ha© ters
by usi ng TREFARE s aedRebonkietlagbh Blfameleid Bl 1 mbip PLGHIBI PR R AP,
conf i gur aplesyed RAE: &lon. by using the "change settings"” soft key, copy the
configuration of the set of configuration paraneters by selecting the "copy
Personal i tynt If thofthahgeysettings'bsuditdtey inseletitah b|Persohaity™t configematibn mignaforon
paranmeters by using the "enabl e/ di sabl e" soft key. \Wen a set of

conf i gur athesalepied setaf cpnfigusationnarameters is displryedppreiample of which is seen in

26 listed_.int li.st ,of set f confjguratio r ters when  the "new
Per sonal i Pﬁ'ﬁel‘igg@f tﬁ]ﬁgﬁrsf’ga%%?gcé’ggﬂu‘&?&é?’eﬁ‘é\‘/&Pﬁﬁ?ﬁggwmponef‘ - tHRes2EE nge
settings"”:sqf: ' ' | ' . t he
sel ected é“?? {‘ic}?J(@g r???%%‘r? g@?%ﬁqﬁgﬁgﬁ @?21 ?éﬂslfgﬁgg%ﬁ%%%?ﬁ'gﬁﬁeg%anp gn{c? d\ﬁnal ch
i's seen i Ndore Jbifi Rey A("SdlectT BTt k&, el Pdr¥dRalifh makEBdofiOey BRIEclisiedt thE i €S

t he conponents. A nessage identifies the configurable i g'ems found in the
hi ghl i ght éBersamtityTéntameTiseft kef displeyssthe orehiedane sciectoseeh is fifreRS{d). &lsimgel ect ™
soft key, and a "PersonalityTm name" soft key. Selection of the

" Per sonal itle/spi krysend Sefseralleyp andsprollydovirhamaw keitseautharized bpwndial peysonnechcan

figure 25(d). Usin the spft keys and the scroll-up and scroll-down arrow
keys, aut P?B%F??é’ aﬁ%s iatséf°%éh“§5‘|‘fﬁ%‘l’nﬁaéﬁm°'€mer the name of a set of

configuration e Selection.of -the:i i.0n d nd
features, for %‘%g%pﬁ?esféel%%m?m?g?gﬁ% ﬁegf TS P % ﬁ'é@ 51 {ig):@ﬁg? %J(;ﬁ%’%e%p 0
det er i ne n@a,%i@ﬂ ERBh 65 daBthihdMiich 3turdd bld RAckdiR Wil BL GvdiRble! el clifiaA!
user for tha sgt of configuration paraneters and how t he i nfusion punp
wi |l di splusyr foe eat k@ of comythritioR@atoittert and héw el ififusioh pus@rwillie® Ratures

I ncl ude di sabl e i nfusi on nodes, disable dose formul ae, set channel

di spl ay, dinddfbhatiops gthbatikicainger. Ekasmidsdn@ndedisablefiafusemabddesqdisaiite dose

titration, and enable flow check displ ag. . ) ]
formulae, set channel display, disable piggyback mode, disable prime mode, enable quick

titration, and enable flow check display.

The authorized hospital personnel can enable or disable the label library. The
authorized hospital personnel also can select which medication or solution names are
available to the clinical user for selection if the label library is enabled. When the label
library is highlighted in the configuration menu seen in figure 26(a), "done," "library set up"
and "enable/disable" soft keys are provided. Upon selection of the “library set up" soft key,
the Iabel library set-up list is displayed, as seen in figure 26(b). A "yes/no" soft key is
provided to enable or disable labels.

The present invention also providcé several tr-ableshooting alert, alarm and failure
messages. When an alert, alarm or failure message occurs, the status area of the display, as
well as the pump module character display, identify the alert, alarm or failure. Alert

messages may require a user intervention, but do not stop the infusion. Alarm conditions



The aut hori zed hospital personnel can enable or disable the |label library.
The aut hori zed hospital personnel also can select which nedication or
sol ution nanes are avai lable to the clinical user for selection if the

| abel library is enabled. Wen the | abel library is highlighted in the
configuration nmenu seen in figure 26(a),, 'done,"” "library set up" and
"enabl e/ di sabl e" soft keys are provided. lmon selection of the "library set

up” sof tadf@&iaticalls'flf‘opl\B@ﬁlfu&ii&p&ﬁlrrﬁqtﬁf'etih’ﬂ'ﬁhdlid'téﬁtténﬁoﬂ befotemftiondan BN 1 N
figure 26(b). A "yeS/no" soft key is provi ded to enable or disable

| abel s. restarted. A deVive fgihes emtomaticatiptstops amy Brfusporo vAnlalams earelitidn dvewrides an

-abl eshooting alert, alarmand failure messages. Wien an alert, alarmor

failure $dsingplerseendition white & fallugpsovgrrides ol alerts and algmas, Amalert congition as t he
e ooty Steob et BB S b e oo sl ok b "

Al arn cogpdi . e e . . 27
aut onat | St o beislenced for s period of time, sioh asfor example tw inutes, by SpigE

| nf usi ongeameR@ keyest arted. A device failure automatically stops any

I nfusion. An alarmcondition overrides an existing alert condition while a
failure overr Thealead donditivhs mchidd adbancedbair A8rt sdhioh indioates thaothe ukdrght s t he

yell ow al ert LED beneath the pu modul e display, and sounds the alert

t one. Thadvascigta desgréedeainbuhbles iggﬁmwldmalea indieatescthegithe aydliarg hattersdas or

| I nut es, by [ .th i . Th | ert
Conar 1 oIS AT RIEL P ALY OSiPBISOR PG 110 THRLAIF SomAhe o ahe aRery o
d [ t ed..ai bble. ADb - | | indi cat h t h
e 1 ar S bR ko oces ThER RN el b A Rl BRE e oe
left. ThipfRhstd ra85E %Eﬁxg%gﬁgeﬂ ok anbgﬁfstg@{g?tadaé@rﬂc% i{?]éa ma AGHSSed

bel ow, occurs. The changi ng pi ggybac I ndi cat es thé piggyback

rate i s hedicgecthangpmery rate ctldoke is beid@ichghgad delibelib Beiaf addpdiuripg afitr y al ert
indicates that a primary rate or dose is being changed or |abel is being
added durnfugioan i nfusi on. The channel - stopped al ert indicates
that the punp is on, not in standby node, but the i nfusion i s not

runni ng. Thi s Bresghanpel-strppedipled indicatenthaidhe premp iscn, pet i3 sepdbyt made brepthe

infusion.of . . . . . . . . .
mfusmn is not running. This alert is designed to remind the user to start the pump infusion or

to power-off the pump. The container-empty alert indicates that the drop sensor accessory
has sensed that the source container is empty and the device is infusing at the lower of the
KVO rate or the preprogrammed rate. The KVO alert indicates that the programmed volume
to be infused has been completed. The piggyback-callback alert indicates that the piggyback
infusion has been completed and the pump has switched to the primary infusion. To continue
primary infusion, the silence key can be pressed. The prime alert indicates that the priming
module is being employed. The programming-piggyback alert indicates that a piggyback
infusion is being programmed while a primary infusion is taking place. This alert is intended
as a reminder to the user to complete the piggyback program and start the piggyback infusion,
if appropriate. The ramp-paused alert indicates that a ramp infusion has been paused. This

reminds the user to press the start key to resume the ramp or to press the "cancel ramp" soft

key to cancel the infusion.



to power-off the punp. The container-enpty alert indicates that the drop
sensor accessory has sensed that the source container is enpty and the
device is infusing at the | ower of the KVO rate or the preprogramed
rate. The KVO alert indicates that the programred vol une to be infused
has been conpl eted. The piggyback-callbggk alert indicates that the

pi ggyback I nfusi on has been conpl eted and the punp has switched to the

primary infusiqge afFQeﬁem&rﬂpﬁdxcaﬁg u{seaxyaxfﬁ& BbN 103 bebh BetSiib®BLE kRY can be
pressed. The prine alert 1 ndicates that the primng nodul e i s being

enpl oyed. prebfogpirigiea airbokblp dergstivnglarahaérs. Thodieplay arealdivplays tiegdryindire
infusion is being programred while a primary infusion is taking place. This

alert is iavndfdedd themsenis pekedrifithe advanceair featire isglesiserhlodeaisedhio view ghetric k
program a tart the ck I nfusion, i f roprlat anp- paused
alert i ndgg'a‘f‘&sastsaat in anﬁr%%ﬁ 1Ghopgine thesduancs as Yhficgs the Qwiwgrqene

lrjz (ranr) t SO]PE otie "a ez}nSt 'In ggﬁ%}{xtd%glc{eﬁﬁry ggurcrﬁ(br) 278 aQlaric? ﬁpe air t?ubtoﬁethecu%grc el
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detected Based on preprogramed alr bbl'e detection para

di spl ay atlgadigplap beed will vforsin thelded dfitRe flhid@Btedtich ByNdisplaging Siey flid icdnkad, i f

the advance air feature is desired to be used to view the air bubble, as
seen in fisguria R} 7(c)CBesisarcantvontiuhedn edvance the eathmbbleautibit éeg thee di spl ay
screen tqQ the "advance air" screen deplcted in figure 27( & To advance
the air bdBEFERn sitgon thefubing, shewedt canderemens t%@g"aawaa%e{lm senglastﬂ%y&

o e b RSBt kbR ORI it st B Aol e hE B bt
seen i1 Fiih nd bR Eal/BEFeciARa S BIONEE QAN G Pl a1

is at t I njection where 't can rennve using a
syr i nge. | PRBxisRNS dkhelvditndthas BeBEp @:h%edsﬂh%@ﬂué Rfa’irhen van&ctmbe&pear ance
of the fluid icon 15M the alarn condition has been reset and the infusion
can be reghmnpedlthe)digpiaysiafonys theeclisitcatl tsekay seeh infignrecifdladien¥auld shountbd  a
maxi mum defi ned vol unme has been punped. Once this maxi num vol une has been
punped, t Hemovedprd manyably prirgdddo eesettbe alarmaser, as seen in figure 27(d) The

|V tube should he . renovedq and manuagl | ur ged reset t
b e battery-depqeted alarm 1nda cate):/s tﬁ tl(i:]e aux&l?ary gattery cltl]arge%as diminished

below the level necessary to continue infusion. To reset this alarm, the pump must be
plugged into an AC supply. The check-drop-sensor alarm indicates that, if the pump has
been configured for mandatory drop sensor use, the sensor has not been connected. To reset
this alarm, the drop sensor must be connected. The downstream-occlusion alarm indicates
that a downstream occlusion, such as a closed distal flow clamp, has occurred. To reset this
alarm, the downstream occlusion must be removed. If the pump is configured with the auto
restart feature, the pump will automatically restart if the occlusion has beén removed within a
predetermined period of time after occlusion detection. |
The drop sensor malfunction alarm indicates that the drop sensor either has been

improperly positioned on the drip chamber in the IV tube or has been damaged. To reset this

alarm, the dro;ﬁ sensor must be properly positioned or repaired if damaged. The flow-

detected-on-primary alarm indicates that the drop sensor has detected drops in the primary



The battery-depleted alarmindicates that the auxiliary battery charge has
di m ni shed bel ow the | evel necessary to continue infusion. To reset this
alarm the punp nust be pl ugged into an AC supply. The check-drop-sensor
alarmindicates that, if the punp has been configured for nmandatory drop
sensor use, the sensor has not been conmected. To reset this alarm the
drop sensor nust be connected. The downstream occl usion al armindi cates
that a d |, AlSis e ' : as
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pr edet er iocated aper lower tfan thentevel of dre princry fuidsouet oc thedmadvertent closure ofittee dr op
sensor mal function alarmindicates that the drop sensor either has been
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the pri meangichtesithdt the uiamealanbd reizaseted bed wtivated. 0T o kesetthistalem, Sikintkual anp on
the 1V tube connected to the piggyback fluid source, nmust be renoved. The
i nconpl ettubpredepsamuat kerraset.ndi cates that the start key was pressed prior to

entering or confirmng a,prograny ng paraneter. To reset this alarm the
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nmust be entere T reset - manual srel ea arm. . ndi cat at. t he nmanual
t ube rel éésgl%dg’e ng‘r{(cﬁ'c ?f) Ve egfégs a'}%'"}’ g‘fét% t{alJFﬁ %’u%ﬁ b§ pgﬁace? hzﬁﬁé‘%{fgﬂ Meibe

rel ease : P Walal at
The TV t i BRiGER Tt o programming VWi dadWin: BRORR BRI NALRARAR: B2,
thi s al arvaenteiteréd’ THIOAaithl sécubwhartie eonfiff setihg @ fsoftadg er stat Réyisiprelisedt es

that a programm ng val ue outside of the preprogrammed al | owabl e range has
To reset the out-of-range alarm, values within the preprogrammed range must be entered.

The temperature-too-high alarm indicates that the operating temperature of the tube is outside
design limits. To reset this alarm, the tube must be cooled by moving the pump to a suitable
temperature environment. The temperature-too-low alarm means that the operating
temperature of the tube is outside {he design limits. To remove this alarm, the tube must be
warmed by moving the pump to a suitable temperature environment. The tube-misload alarm
indicates that the IV tube has been improperly loaded. To remove this alarm, the IV tube
must be removed and reloaded properly. The tube-unload alarm indicates that the IV tube
has not been removed from tﬁe tube-loading channel during an attempted tube-unloading
procedure. If this occurs, the proper tube-unloading procedure should be employed or the
manual tube release should be used.
The upstream-occlusion alarm indicates that an upstream occlusion, such as a closed

proximal slide clamp, has occurred. To reset this alarm, the source of the occlusion must be

removed. The container-empty alarm follows the container-empty alert condition described



been entered. This alarm occurs when the "confirmsettings" soft key or
start key is pressed. To reset the out-of-range alarm values wthin the
preprogranmed range nust be entered. The tenperature-too-high alarm

i ndicates that the operating tenperature of the tube is outside design
limts. To reset this alarm the tube n88t be cool ed by noving the punp to
a suitable tenperature environnent. The tenperature-too-|low al arm neans

t hat the eragi.n tenperature of the tube is outsj.de the design limts.
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properly | oaded. To reset this alarm the tubing nust be renoved and
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The aut hori zed_hospital personnel can program clini cql J‘eatur@ limts and
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the maxi mum .
detected by the infusion pump. Referring to figure 29, an air bubble select pull-down menu

K]

which is displayed upon selection of the air bubble setting is seen. The screen includes a "no
change" soft key and a "select" soft key. Options on the bubble size are displayed. Ina
preferred embodiment, four bubble size levels are displayed. In the preferred embodiment
described herein, the four bubble size levels are 25 microL, 50 microL, 100 microL and
150 microL. Each bubble size level will detect air bubbles within a given range. For
example, the 25 microL level will detect air bubbles above 25 microL and will not detect air
bubbles below 10 microL; the 50 microL level will detect air bubbles above 50 microL and
will not detect air bubbles below 25 microL; tile 100 microL level will detect air bubbles
above 100 microL and will not detect air bubbles below 50 microL; and the 150 microL level
will detect air bubbles above 150 microL and will not detect air bubbles below 100 microL.
The authorized hospital personnel also can select a range of downstream occlusion

values to be detected by the infusion pump. Referring to figure 30, a downstream occlusion



volune to be infused, adj.ust the KVO rate, enable or disable a piggyback
cal | back alert, adj ust the tinme between audi ble tones for the alert and
alarm and enabl e or disable the auto- | ock feature. The authorized
hospital personnel also can set the size of the air bubble to be detected
by the infusion punp. Referring to figuma 29, an air bubble sel ect
pul | -down nenu whi ch is displayed upon selection of the air bubble
setting ivahsgani-doMremsnu, @diich is dispikysd aponselectict afithe Hosmbtteakegcchmsidna
"select" soft key. tions on the bubble size are displayed. Ina
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m croL and wi |l not detect air bubbles below 25 microlL; the 100 m crolL

| evel wi | maglistwent The mikiminad, @soderasdandand@fiunt vaheds isdichtevan dppratimdet ect ai r
bubbl es bel ow 50 mcrolL; and the 150 mcrolL |evel w || detect air bubbles
above 150magkignen prasshreor differentdlavetate rangesh b Bleayefsard ambodiment thaee flow

The aut horized hospital personnel also can select a range of downstream
occl usi onTat TAREPS AT ‘d(‘faﬁ‘gldet ected by the infusion punp. Referring to
figure 30, a d am.acclusion . .
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sof t key. tKeinfiaish 1ahitd, ARrid and slaff alen0 0l "efiatle/disabletsofokey apgesf| Tyewhfusich a
preferred enbodi nent, three downstream occl usion values are displayed. In

t he pref eprey adsvowdibeenofigizedto ibdddhar pitmrestarefuntticoe Ths fwstier enabieaithreum
noderate and . maxi mum The m ni mum _noderate and nmaxi mum val ues i ndi cate an
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attempt an auto restart for a given number of preselected occurrences before manual
intervention is required. The authorized hospital personnel also can set the number of auto
restarts that will occur after a downstream occlusion alarm occurs and is relieved. The
authorized hospital personnel also can require that a clinician program a fluid delivery so that
the fluid level in the drip chamber, in conjunction with a drop sensor, can provide a
container-empty alert. When the drop sensor is highlighted in the configuration menu, a
"mandatory/optional" soft key appears. |
The infusion pump further includes service features which are accessible from the

configuration/service menu. Upon selection of the service features, a service features menu is

displayed. In the battery information selection, the slave microprocessor keeps track of a

plurality of time periods related to battery operation. In the preferred embodiment, several



punp al so can be configured to include an auto-restart function. This
function enabl es the infusion punp to automatically restart itself when a
downst ream occl usi on has been corrected within a predetermned tinme, such
as in the preferred enbodinment, within one mnute after detection. This
is likely to occur if, for exanple, the downstream occlusion is caused by
pati ent novenent which subsequently ope¥® the |V tube. The infusion punp
wll conti t [t ef i r
pr esel odriaeisdre LS Tde e Gal fR6H: br AL o RKER PAUENon B ny
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servi ce {RatNKRSmARTHctining prdb&t v Ailratd Mfdsih fig &nYpdnBder mat i on sel ecti on,
the sl ave mi croprocessor keeps track of a plurality of time periods

rel ated to baltishoylddeamdérsond that vardes phaiges aeimediffioations nd the pesterted

32 paraneters are tracked, including the total amount of tinme the infusion

punp i s embegdithentsdeseritedderein will bérepprrgnbio theasiskilled fin theget. Seh chengss and punp

was on. A % tery inforna&%qq}screen, i hcl ydes, t he .battery charge icon 122,
"done" aMpditiqatigns ganhedmadeqyithqut Qp thespint pd sgepe of esgihew battery
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conponents, manuf acturi ng tests; are used in the manufacturing

process to calibrate infusion punp conponents. It should be
under st ood that various changes and nodifications to the preferred
enbodi ments described herein will be apparent to those skilled in the art.

Such changes and nodifications can be nade w thout departing fromthe
spirit and scope of the present invention and without dimnishing its
attendant advantages. It is therefore intended that such



changes and nodifications be covered by the appended cl ai ns.

33 What is clained is: 5 1. An i nfusion punp conpri sing:

a mai n body portion; a display contained on the mai n body
portion; at | east one punp nodul e adapted to receive a tube,

t he punp nodul e I ncl udi ng nmeans for gpplying punping action to the
tube; 10 punp m croprocessor neans for generatinguser—nt-erface

i nformati on on t he di spl ay; means for ﬂ '
rel ated to a benpitigtiaimedgent to be infused into a ”n mmnm lmm
means responsive to the entered values for calculating &n enfusiton sprofile

15 of the beneficial agent; wherein a pictorial graphical
represent atison tf t han infasionlpampdompfisisg:on profile is included as user
interface informatiaqn, L.ck.orial graphical representation

i ncl udi ng the inf usiao'ﬁa'bgﬁg?h&rt\'gﬁ' 20 2. - The infusion punmp of claim1

wher ei n the infusi ora dispidy ¢cantained eruthe nagin bedy portion; up i nf usi on period and a

ramp down infusion pgidQfsne pump moddle _adaqté_ci‘f% reBdivtsh AibePHERURD nfddaleM 1
wherein the graphical representation includes a ranp up graphical

represent ati on ia¢lddiag meaps ©oaPPlYjR3 pUTEiag agtioprte heflBei on. 25 4 The

infusion puygp of cl gluRplmMi&ireidistiRedts foPgederatig WAt liformation on
i ncl udes an auxili ar i splay for displaying supplenental user interface

i nformati on. thg dispiay; The infusion punp of claim1 further wherein a

plurality of sets ofmeans for 6&irigalRisirelatedas aeheficial bgentis belthtubedsntoser
interface information. 6. The infusion punp of claim1l wherein
the display incPi§8E3a8M st atus area, a pronpt area, and a soft key
| abel area and wher emearishresporfsiveito thepemtpretl vatuee for3alculating ad égusiomp brofie] i ty

of soft key% CO&Itﬁé Bgrgeﬁi:igl éfgl%[;aposition to the soft key |abel ar ea.
wherein a pictorial graphical representation of "the calculated infusion
profle is included as user interface information, the pictorial graphical
representation including the infusion remaining.

20 2 The infusion pump of claim 1 wherein the infusion profile includes a ramp
up infusion period and a ramp down infusion period. -

3. The infusion pump of claim 1 wherein the graphical representation includes
a ramp up graphical representation and a ramp down graphical representation.

25 _
4, The infusion pump of claim 1 wherein the at least one pump module
includes an auxiliary display for displaying supplemental user interface
information.

30 5. The infusion pump of claim 1 further wherein a plurality of sets of
configuration parameters is included as user interface information.

6. The infusion pump of claim 1 wherein the display includes a status area, a
prompt area, and a soft key label area and wherein the infusion pump further

35 includes a plurality of soft keys contained in juxtaposition to the soft key label
area.
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The i nfusion punp of claim1 further including neans for entering val ues
related to a b o be infused into a patient and neans
responsive to Emﬂlmllmlﬂimumal ues for calculating a dose of the
beneficial agent t® be imfysed into %{w patient. 8. The

i nfusi on punp of claim1 further including nmeans for sensing tube
restrictions wherein a graphical represent ation of the degree to which the

tube is 10 restri ctrﬁg ".m ,.p‘?d Il @ﬁ, ﬁﬁﬂﬁeﬂi%ﬁ@@ﬁﬁahgﬁﬁo%ﬁ@ﬁ%ues

9. The i nfusion punp a batter
provi des relatedtio a@&hem/@gemtdo bhdnfusest iofer @ patienb andygars respensivestol ay ;

and the neaﬁs Y entered v]aEQQ lféf'd&ﬂ:uﬂﬂﬁ%b ABs&6f he rbeﬁéﬁi:lﬁg&ﬁ 16 BE lrﬁl‘fée‘a(iﬁtbng the

charge of the battery, wherein graphi cal representation of the
charge of the WPaliePlis included as user i nterface infornmation.
10. The i nfusion punp of claim1 further including neans for sensing the

presence of alr in the_ tube wherein aphi cal .representati on of the
presence of 208 aj (Theinfygien P%%°f‘§a'ﬂh€{“98%rd"§§d' aﬁ"%g’éﬁ?% WB8 or mat i on.

11. The i nf Uﬁeﬁmtbhmh@felrﬁ:b?éﬁhkaf tprdientalibe bEihe dRigrdectdsihidhithe RUbEs

nmodul es vi.d t he lay in Iudes user interface
i nf or mat i orl%f orresjf'a?‘gﬁé?c as user '"%uﬁsﬁg W}é Q- 12.  The
i nfusion punp of claim1l wherein the m croprocessor means further

ncl udes neans g of st @iddfon 8o bPUSHT PiRnkrhALARS H9BubS M brbfud speci fic

patient. PonSpunp 0 gL ng
means for cl earelmlcaheomr to meom@cbnmsscbrnmeamadbe idisptayrand dhre Mmeang for

specific patienfopiving pumping action and means for detecting the charge of the battery,
15  wherein a graphical representation of the charge of the battery is included as user

interface information.

10.  The infusion pump of claim 1 further including means for sensing the
presence of air in the tube wherein a graphical representation of the presence of
20  airin the tube is included as user interface information.

11. The infusion pump of claim 1 further wherein at least two pump modules
are provided and the display includes user interface information for at least two
pump modules.

25
12. The infusion pump of claim 1 wherein the microprocessor means further
includes means for storing user interface information related to a specific patient.

13.  The infusion pump of claim 12 further including means for clearing the
30 stored user interface information for a specific patient.



