99 06 381 0 WI6U3%P Fi ﬂ of the Invention The present
inv-eﬁion rel ate | K@ PN smﬁ pu in general and in particular to
usgr hknterfaces for nedical infusion punps. BacergunEnggghe | nventi on The
adi=ff strati on of intravenous medical fluids to a patient is well known in.
the art. Typically, a solution such as saline, glucose or electrolyte
contained in a glass or flexible contai der is fed into a patient's venous

system t hrough a conduit suchpgpfcRerNrURYONTWRIP de (PVC) intravenous
(I'V) tube which is accessed to the patient by a catheter. Many tines, the

fluid is infused under the forcedidfl ofittinventionnd the rate of flowis
controlled by a_roller clanp which is ad'.ufsutﬁ_ed to restrict the flow | unmen
g
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a roller ecomn Bhd nore conmon to use an

el ectronically controlled infugs %ﬁmggéugm&u@s I ncl ude, for exanple,
peristaltic-type punps and val ve-type punps. Peristaltic-type punps

typi cal |y i ncl ulte simigstraipn of intaneoasnnmeadieal finidspa e pakidnt srwedidmbowatihette ash)i ch
drive camfollowers connected to pressure fingers. These el enents cooperate
to i npart EYRiFa¥atr selutian sysh aovaling slusesesy slestplitercopigied in arglpss or flgsible wave
notion is ysed to pl.y force to the ]V tube, which inparts.the ign to
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sequentially inpart the propulsion to the fluid. Such val ve-type punps

typi cal |y waishiis adjusied togestriat the foye bimeniof the I¥uwhs wgil dedlssireddlovtvatedsr | whi ch
I's cont ai..neg onda dedi cated |V tube between the patient and the source of
fluid | nfO%PES punps of the prior art are typically designed for a
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principally for use as genera punps 1n acl
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designed for critical care use. Still other punps are principally designed
for honme controlled infusion pump. Such pumps include, for example, peristaltic-type pumps and
valvé-type pumps. Peristaltic-type pumps typically include an array of cams angularly
spaced from each other which drive cam followers connected to pressure fingers. These |
elements cooperate to impart a linear wave motion on the pressure fingers. - This linear wave
motion is uéed to apply force to the IV tube, which imparts the motion to the fluid in the IV
tube thereby propell'mé the fluid. An alternative type of peristaltic pump employs a plurality
of roller members which roll over the IV tube to impart the motion to the fluid in the TV tube.
Infusion pumps also employ pumping chambers having upstream and downstream valves to
écquentially impart the propulsion to the fluid. Such valve-type pumps typically require the
use of a specialized pumping cassette chamber, which is contained on a dedicated I'V tube
between the patient and the source of fluid.
Infusion pumps of the prior art are typically designed for a particular clinical
application. For ex%.lmple, 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



2 care use. This specialized punping use requires hospitals and health care
facilities to enploy a large inventory of such devices, which increases the
capital investnent and cost of such hospital care. Further, it is often.
required that a single patient be sinultaneously infused with a nunber of
medi cal fluids. Mdst punps enploy a single flow channel, which adds to the
expense and crowds the space surroundi n@ a patient when such nultiple
infusions _are reguir Al s EH oS bt Ui he SIPL 0 g,t@,m S,
use of sufh®ptips™y gﬁalé%fi)t? Qgﬂ’g’@r}gggaﬁlﬁﬁﬂg\%}éﬁous P’Icﬁli d isfa?gﬁhf red t? be
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transfer such unused capacity to other patients. What is needed is a

medi cal i héspitabsargpunp which is readily adaptable to use in nultiple

clinical settings wthout unduly burdening.the user wt r.ogranm ng
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channels as needed.

smnmmit_elmm
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.



3 Brief Description of the Drawings Figure 1 is a perspective view of an
i nfusi on punp constructed in accordance with the principles of the present
invention; Figure 2 is a perspective view of an alternative enbodi nent of
an infusion punp 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 construct@d in accordance with the
princi pl es of the present inmm' .Ftl ure. 4.0 s an el evational view of the
i nfusion pump of figure 1, s 1 W pump face; Figure 5 is
a detailed view: ; ' : };]{nllg WolN[e and
2; Figure 6 is\ﬁz‘a %? g%%ﬁ%gﬁyﬁ/ﬁé\?v%g?& ﬁ?(tak?or ar o!f&{gﬁga?n;?uﬁ%lﬁ%nvgﬁbﬁw
figure 1; pHheipled of tHepréseHiventidher f ace navi gation flow di agram construct ed
in accordance with the principles of the present invention; and Figures 8
to 30 shows t h&iglet 2ii$ s paspdctiee viswrof analesragtive embodintentofamipfisngtumpct ed i n
accordance with the principles of the present invention. Detailed
Descri pt i eanssfuctedrin e¢eordange withdhsi principlaRef thepresgntipventgnr e 1, an i ntravenous
fluid infusion punp_nade in accordance with the principles of the present
invention is rén8yFdds ?‘be’@%?@pé'llqviﬁ%@ ai'GFna‘FYFeerﬁ‘?fﬁ{ﬁ“’F%t O(%Iaﬁﬁ‘lféﬁo%ﬁ’t“ﬁpa
standard LV le A2. Th i ncl ude nai .portion 14 and.at
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nunber of thelpwmpdadepdul es dependi ng on the requirements of the punp user.
For exanple, figure 2 shows a punp nade in accordance with the principles
of the present KFipwerftis adetailed vigwiaf tire displqyi avep ofttblelirdesidiopumps of figures 1 and

2;

Figure 6 is an elevational view of the rear of the infusion pump of figure 1;

Figure 7 is a user interface navigation flow diagram constructed in accordance with
the principleé 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 ;irésent invention.

etailed De: c ipti 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 inventio-n 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.



4 Formed at the upper periphery of the main body portion 14 is a carrying
handl e 20. The nain body 14 further includes a liquid crystal display (LCD)
area 23 which is used to convey various information about the punp 10 to
the user and provides for user interface with the punp 10, as described in
nore detail below The main body 14 includes data-entry keys 25, the use of
whi ch are described in detail below The punp nodule 16 includes a

t ube- 1 oadi ng channel 27 and an vacuum fl uorescent display area 29, also
described in detailed below. The main, body portion 14 includes a slave

m croprocessor which is a slave to a master m croprocessor. The sl ave

M cr opr oces sPmiedrat fHeruppfiGperipRery 30 1hR BitiPBodyOpdHich 14ls canyhigiandleA0D
converter). In a preferred enbodi nent, the naster m croprocessor is a
80C186 Fife mdni boalylld fharthenihoitdels aGignidarystdl displaS{hCRH) @reard, wideh istuseditan, and
the slave microprocessor is a 80C552 avail abte from,Phi
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choose a Ity of tlow channels depending on the user's requirenents.
The pr esgsetlohdivig Bharnmel 2 Uarid e vaaniny leortsent difplay ama pAmb® descrived dadethijed

modi fied so that the nunmber of flow channels can be changed. Referring now
to fi guibelasy. Eie mpiniory portion 4inctedes A slave BYeaPIOEeSIPL WHIFh B 4,H18¥FdPAl es of the
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housi ng cf?, an ‘upper no e p a l'ower nodul e plate 19. Fastening

neans, arggyga\iE! aehilable TR IitellCRpdtbiigh, SRy Otard &Cdlifornie amdbihe slagey 14. The
fastening neans include a plurality of extended bolts 21 which extend
t hr ough mixeoprocessordefi8AEH52 availhble fromeRhillips Semicohductors Sunpyealenfeplifernifousi ng

17 and the upper nodule plate 18 to threaded a es, .def.i.ned. (not shown)
on the b&thMWOWW&dBW@Eﬂ In f/&?ﬂﬂﬂﬁrﬁ‘b"é’i‘m’g?ﬁb w?fgﬂﬁﬁ“éessq?téu?%n be
added to, the infusion pu b i 1izing th opri ate fastening neans.
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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 modu-le plate 19. Fastening means are provided to secure the pump module 16 to the
m.ain 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



preferred enbodi nent, the punpt nodul e m croprocessor is a 68HC11 avail abl e
from Motorola, Schaunburg, Illinois. Referring to figure 4, an el evational
vi ew showi ng the detail of the face of "a punp 10 made in accordance with
the principles of the present invention is seen. Contained al ong the side
of the display area 23 are a scroll-up agrow key 31 and a scroll-down arrow
key 33. These keys are used to select programming fields or actions within
t he di splmygfeared @mbGdinhent, thelplmaptaasduld indcrdpropdsagr ian 68HZ B! avaslablegtamal i ty of
arrow keys 36 which are used to interact with selection alternatives in the
di spl ay alMeterols, Sehapmbyes. {llisgis. arr ow keys 36 are used in conjunction with
the particul ar_function. di splayed i.n the display,area., 2 described in
detai |l bel ow, Fﬁjé’gé“%tr"&lﬁ}ﬁ(@fé‘ ‘%6’85?'@5 P’E’P"é?hi"g’dng c getail ggﬁeﬁc&pg_a.puﬁm ring
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di splay 38 gives the status of the punp infusion. The status display 38

al so i denThésedeyahentsed al seledt propeninging fiekis©o actidns ovithin the displapeckaat t he

| ower portion of the display area is the pronpt display. The pronpt display
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23. Fi nal by dethf) eldw Hele RO6WIKBYs Farb tefbEd & APkGVKGE 2 23 is used for
maki ng i nfusion sel ections, progranmm ng, and displ ayi ng operating or

runni ng condi t iReferiag nolvao Fighire 3,ah egimple oReeatisplaycareer3koflthe fnfigidrepinp ishe

mai N body 14 further includes a plurality of function keys 44. The function
keys 44. i se¢nudEhaidisplepnaree 28 dydudes fouridisplaynmirtichs. loeated attles oppertionyaf tlaes wel |
as a nunmerjc_key pad 50. Included in the nuneric key pad 50 are the nunbers
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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 middle 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



used to clear values fromthe highlighted field. As a safety feature

agai nst inadvertent 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 nenory. The dedicated function keys 46 include a

mai n- di spl ay function key 55. The nain® display function key 55 is used to
return the display area 23 to the main display fron1anémpoint in the user
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when the”p I's plugged 1nto an electrical outlet, and a rel ated but

second jRykPRSSerRoproBesBoiEindior@N auxi liary battery power. When pl ugged
into an electrical outlet, the back-light function key 61 turns the display

back |ights The deticaéd funttherkeys 46 includesrmaibalispiay fupetigarkeyt$5e Theahaini ght
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node, the start key 65 initiates the infusion. Follow ng an alarm
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vol une key 70, which is_use r.ang

dt lect t | . T
addi t i oRRiclaciisel ouiiel, the backieht feRcign SpY 6@?“%%#5 R tRroRES op and off.
| ectronjg-pl i 72 indicat L.nf ysi on. Ol §: i nt
an" el corPehpH BufieD bafe T PoRr R G1c S, LRk isBlyAER, | 1 ©
i ar ' | f : I ' i ided b
fhe. el oatiHRE EhForS R RIAAL i CEUENS of nbEichiafien BRUAIAY.0V) ed BY
Included in the action keys is an on/off charge key 63. The on/off charge key 63

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 valﬁes, 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,



which is it when the punp 10 is operating on auxiliary battery power. In
an additional enbodinent, two additional icons are used. A conputer control
i con indicates when an external conputer is transferring data to the punp
and a nonitor icon indicates when an external conputer is querying
information firomthe punp. At | east on? punp nodule 16 is | ocated beneath
the main body 14 of the punp 10. Wile the punp nodul es depicted in the

pr ef er r gghieRAAivIRAkhSIERP 10 ebpeedtidl dnatflisdyatiaryowér! e dddifanaodul es,

the present invention contenplates use of alternative punp nodul es

enpl oyi embedinentatwoaslditiompl icgns me sl dysommitesicontolfigen mdicatss whesgm i nge punp
nodul es. The punp nodul e 16 i ncl udes a tube-I| oading, chanpel 27 into which a
st andar ¢xtenal gamputer istEnstersing data faths pump eed 2 MoRitalicen rslifstes WhsnaRc| udes an

automati c twge-loagim featur%. ant inqgkmﬁthin t he tube-1o0adi ng channel
27 is a KEW °§FB’[“°789%‘596P%§‘ ?W?QEZT% %P8%Pde cl anp contained on the IV
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Initially, the slide clanp 80 is keyed such that it only fits into the

keyed sl|id tub8 pump nedyles) lerpreseneimveritioncontéuiglatdsswabf slferimtive ptudnp tnivelules
t ube-1 oadi ng channel 27, a fluid flow-arrow 81 is provided to instruct the
user as ¢mploingaispuativepumpingdechaplogy.sueh a9 fanexample,syringe pis madyles.
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that the end of the IV tube that connects t0 the patiéent is to be directed
to the rcighip @ntnaf orf the IV ubise. | Tiediunt mbdule &6 inklhded h frepfilopr produtien vacuum
fluorescence display area 29 further includes a character display area. In
t he pref &atwrd. enbodi nent depi cted herein, an eight-character display area
I's provided. The display area is used to pronpt or instruct the user during

speci fic punp Ingrdsr iR essiie thyydhaly bibs is lppdeddntehepump medule 164 theqippeig an
al arm.or o%lere\tra iog,otpng Ip&rlng I?notd(t)ﬁc‘i 1d6e gt;[nltngs se'vergl 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 solution bag is to be dirécted 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 I'V 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. Contained beneath the
character display area are three light-emtting diode (LED) status
indicators. The first is a green LED 87 whi-ch indicates when the punp is

I nfusing. The second is a yell ow LED 89 which indicates when the punp is in
an alert condition. The yellow LED 89 r&nmains continuously |lit during an
alert condition, provided there are nqQ active alarns. The third |.s a red
LED 91 whe partipwlen conditionFirallypthe displryiisused dé‘ﬁ“&l"g{‘ﬂ%b"rﬂﬂ"i%ﬁ?‘ %8y LED
91 flashes, on and.of f, during an alarmcondition and remains |it

conti nudﬁé‘f“’ys%ﬂ’ﬂ eSO Pure condition. 1f the infusion punp 10 i's running
on auxiliary ?@ﬁt&iﬁéc}’ bARUR! the LiMRadlr \}\%}I]é}ra_f_ﬁd A6 Ahrdé ﬁglht%imdgldiéd@WEmn and

off in order T0 conserve battery po e punp nodul e 16 al so includes an
open actdiais kidicalsts.aThe Arst isebprad LED 87 yhidibindidates sghen theqiungris kefypsiad. opens
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over an aufiér9 popenitie alehior hlana disphy will figsinen andoffllieordentod-onscaverbastendi t i on
and key press audio tones. A comunications port 104 is provided to allow

t he punp pb®et.o connect and conmunicate with a conputer. The conmuni cati ons
port 104 al so can be used to conmunicate the nurse
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107 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 providés 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 102is provided over an audio speaker
which is used to generate a;lert and alarfn 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.



enabl es 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 10 to be used with an anbul atory patient. The rear 97 of
the infusion punp 10 further includes fuse conpartnents 109 which contain
el ectronic fuses as known in the art, an audi o speaker volune control 111,
and a contrast adjustnent 113 for the ngin display. Further provided is a
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nmodul e 16. This allows the user to manually rel ease the tubing fromthe

punp 10. afambtilatorp patiénte ThoreaedZ of the infusionphop 19 ferther wsludenise port 120.
This port 120 allows for connection to the punp 10 of an ({@tion | drop
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conpl et i QRyofo JrBferfliRAVOM FepriSirimir A3GMET asWRlibértte @iinpesing vt g @dmplr om
the power-on routine 302, thé user can ‘access the main display routine 304
or a sel ect seaTorpinedod tigisidetdfeachyamamibdule is amanved-t@@6elease knhb 188 Ebis set
of configuration paraneters routine 306 is selected, the user can access a
seri es ofknpbdiR pravidss xwanualovaridoef the putemetic tibsdopding andawlosding featyrs iphe
sel ect set of confjqguration paraneters routi,ne 306 or . the view set o

conf i gur 3¢ BAMPAR &6-s ThiggHowN: Fhﬁéléeréﬁg,‘an’t‘ﬂg’ Wélaﬁ’tgf E"E?f%y%?’B\Sfﬁ %Lgn%gﬂ can
be accessgd,, From.t he mai di spl r.out, ne ) u
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view set ' ! %%‘15 f i fwhS4HIE Qs8diiA 88njaRftiondwighange
occl usi on%%’?%ggqﬁ%??ﬁégg , éﬁlgglt‘t?tgé;égsf)gpl ay rout ilne 515 g)rI]ld a
configurag@&[&&gﬁ]\fgicgﬁnbguti ne 317. Fromthe options nmenu routine 311, the

series of view se 10 of configuration paranmeters subroutines 308, the
change occl usi Befesshg hogso figuteiTne uskt Interfate navigation flow diagram is seen. 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 tesis, 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



the battery display routine 315, the main display routine 304 and a
configuration/service routine 317 can be accessed. The
configuration/service routine 317 includes a password entry subroutine
which imts access to authorized hospital personnel having a password.
Upon input of an authorized password, ti®e authorized hospital personnel can
access a configuration/service nenu subroutine 319. The

conf i gusBddnPiplufeion ipaRnBidts sibibitRies BOE, tRd thangovdclistoraeatings réwtina 3dBwhé e
configuration utility subroutine 322, an event history subroutine 324, a
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subroutine 328. Fromthe device configuration utility subroutine 322, the
aut hor | Fating3d gicambe pesessinel can access a copy set of configuration

parameters subroutine 331 and a serines. o ' ' '
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subroutine 356. The prine pop-up subroutine 354 and the standby pop-up
subr out | pamberPsudVditen 833R SErofrntht Bervivaifentates pibeoutine 326, tbe 8@tHorizBde pri ne
pop-up subroutine 354 can be accessed from each of the progranm ng

r out i neshospitabpersannhl eanmcgess e geliesef 3eFidesubrpntines3p8. Framtheronfigyration
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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.



contained on the side and the soft keys 36 displayed underneath the display
area. Upon power-up of the punp 10 by pressing the on/off charge key 63,
the punp sel f- diagnostic tests begin. The nmain display area 23 initially
is lit, then goes dark, while the punp nodule display 29 illum nates each
of the character positions. Next, the LEDs are lit and the audi bl e speaker
Is activated, followed by the soundi ng o0f the back-up beeper. This
procedur e enahl . ' e 0, s i .di spl ay
then the. ser oistrby fos € fglds £ 1S, tudisel BictaiRinblhe it Blb 18,4 <5 O
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appropriately lit, ensure that all of the LEDs are in working order, and

hear t hathrbligh theandih displayakear23aimdiudingthel gerbllnp @nd sanb-dema v keys 302 t he
di splay area, LED, and speaker tests are conplete, the _screen displays the

punp i desentainedondhe side ardithe seft keys X6 displayed uagerneath thedisplsnaresc| udes a
battery icon 2. The battery ico 22 incl uydes au 1 i ch

gr aphi cal l'y o STz of e RN &%Pfeéﬁﬂﬂ 'ﬁsap@?ﬁ‘gmﬁ%ﬁieﬁé%& the gt se-
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Referring now to figuré 8(b), after the self-diagnostic tests are

conpl et edindtheaydisleppedkerie adtivatads follooied b hite sonading lofithetBaek-pigpepk?. Thist eady
to continue into the progranmm ng node. Additionally, several soft keys are
made avaifre¢ddure ehaples thangente chiek foodatkgnotaor resmmtthe displaiovden the/scrdea isiser .

For exanpl'e,. in the enbodi nent depicted in figure 8(b), a soft key |abel ed
"change Pgr sk for light spotsprlingsonthe displaywherthespreen, issark, snaye dhat giemwmp t o
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still retainéd in the menory. Pressing the "new patient” soft key will
cl ear the progOaBRHRGEiSPRIArYa, VED, ¥Ad bsakdtitestPdry chmplnd, Hie%c&l’eﬂ‘dis@l—&?sﬂf&t ient.

As instructed 12 in the pronpt line 41, pressing the main display key 55
advances pinap ddentifiagticar eeceh gednhia figaraB(d). SPlisscreenrinendestrbatteryt icopk 2y Bigari ng
the infusion punp 10, the user is instructed to |oad an |V tube

battery icon 122 includes a gauge 124 which graphically demonstrates the amount of amp

hours remaining in the rechargeable auxiliary battery. 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 depictéd in figure 8(b), a soft key
labeled "change Personality"™ is present which enables the user to enter a modé to change
the previouély 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



into the punp nodule 16. Referring to figure 9, the loading of the IV tube
into the automated tube-loading slot in the punp nodule 16 is descri bed.
Initially, the open key 94 is pressed, which causes the automatic

t ube-1 oadi ng nmechanismto open. As seen in figure 9(a), the user
positions-the on/off slide clanp 80 intppthe keyed slot 78, which hel ps
assure the proper orientation of the IV tube. Pulling the IV tube taut, as
seen in h .
Fube- 1 oarl A pRybcline 476re AL 08 eldif Seblaf b3} MVt RHIaPAR0R bBlpain, |

t ube, thempugmcéﬁnautonatlcalIy | oads the IV tube into the proper position
in the punp drive nechanism If the IV tube is not |oaded in a given

pr edet er nmi ned Prionto pregiasuning thesefisivaipump 10, themserfie instryctedrivddadramiy tutfet er
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i nclude an "option" key, pri mary" key, and a "piggyback" key A stop

i con 128 arigntagioned ﬂthvtabe hRullipg thedMthbesmtit, aksegn imfiguea D6, thh esad afides the
i nfusion.__The display screen pronpt instructs the user to press the
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pr ogr anmi agodmadg tﬁén%umdfeﬁﬁosh%{e% |aiet @ YBPiey! 9% Hal bl HEQEM, IERHomIhe

rat e-vol une progra ng screen pronpt line instructs the user to enter the
rate or ptubsdomlignaeciimitt wilhélbs thhesusofhtt dcinadeitemtisadincéfandmphsper TWange
node" key, the "piggyback" key and | abel Iine. 13 Once the desired flow
rate i s etvwbedecs ot actre. Wsdditidnally, wien off) pesssiog keyoppalieo D4 peiverh en thehisfusidnume
or the arrow key can be used to highlight the volume field. The volune to
be i nf useﬂu%aﬂotsﬁéha%@%t‘@%@bﬂyloﬁﬁ@ll}@éheég‘f“ﬁg the nuneric key pad. For
standard pri mar

fter Toa'?img tpxé 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 pr.essed, 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.



this conpletes the programm ng steps. During programmng, if incorrect

val ues are entered by the user, pressing the clear key 53 clears the

i ncorrect value so that the correct value can be progranmed using the
nuneric key pad 50. To begin the infusion, the start key 65 is pressed. If
t he programred val ues exceed an al | owabl’é range preprogramed into the
mast er m croprocessor based on the particular set of configuration

par anet eiGnecelbhsdesirey flolarateienterzd by uhe uder immthe nahericmkey pad §&; etbdrithat ed upon
pressing the start key 65. If a piggyback infusion is desired, the
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i nfusion information. To begin the piggyback infusion, the start key is
pressed. KeyfSSrcleargtiednéorepot ealdeloathat thé eomexit malde sal beyprograsaend usimg the si ngl e

channel with a stopped primary infusion. The main display includes the
pr ogr anmedunericekeyr padi 0y shodhegin the infusiomethe siam key G%istnsessed. j I theswegrammed: he
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soft key B@Qct%a¥£itﬂﬂﬁt§?€§§ihgsﬁé%mkﬁéy6fr essing the "primary" soft key or the

"pi ggyback” soft key wll display tthe information for the respective

i nfusi on. \WhenIf hipigeyibatkiinfsipt i§ddsived) ey ‘Yiggyhack" tsbft kepisuleptesied. Qheflstopw
channel s, the main display displays configuration paranmeters for the active
channel s. idorl128campthe piggybeck rategvalume propgarfunipgrsereen i dijplayed. The raté and on
punmp with a low auxiliary batfery condition and two active flow channel s,
the first vPIURE ©rhedntised in f&@gaggﬂ%qckds entered ipjthe |5ame BRBRA 2F fhsfateiaad yelume;
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programming 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 pres;sed.

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
_ informatioh. 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



while flow channel- B is a | abel ed, infusing piggyback. Al this information
pl us the designated flowrate and the volunme remaining to be infused is
depicted in the nmain display. Referring to figure 11 (c), a second exanple
is seen with a | abel ed, paused ranp infusion on flow channel A and a

| abel ed, stopped piggyback on flow channel B . A pause icon 135 is

di spl ayed for flow channel A. When infustbhg, the display area will show a
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and/ 6r t RRadde® e NbWEhirhelBldedighatéd 1oAY dahescognd ibw chaniel is designated

di spl ayed. To stop an infusion before it is conpleted, the stop key is
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operating, wWth lurality of flow channels,.the ; L i and tine
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di spl ays the vol unme remai ni ng. en e time remaining is displayed, as
seen in f digplaged ftf €low ¢hahuellaine remai ni ng" soft key is provided to toggle
to that display. If the punp is not restarted within a predeterm ned period

of time, a chaMiesn isfusingatherdispldyl dreaswillshowmrdroplghisomi gbtodndice that thsped | f
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primary infusion. ring infusion, information on the primry,
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the volune was cleared can be reviewed by pressing the volune history key.
The vol umdlitunidatedy Bcreseart the infusigyp derstaynkdyHie priissed! ay area, and
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 cc zdition occurs or if tﬂe on/off
charge key is pressed while running. The piggyback infus;an 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.



i nformati on on the volune infused by the infusion punp, including the date
and tinme the volune was cleared, can be viewed. The volune history is
retained in the master mcroprocessor's nenory for a predeterm ned period
of time even if the punp is turned off. The information includes the date
and tinme the punp volune history was |ast cleared, the total volune cleared
at that tinme, and the current date and ti The pronpt |ine includes

i nstructions on how to clear the volune ﬁggtory When the infusion punp is
operating w t Dudnginfusién, infonfationmn théprimefys piggytmck pdndraecumdatod yoldirepl ay's
the history of the active channels ure 12 contains an, exanpl e of vol une
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automatically return to the screen from which the vol une hi story screen was

accessedmidrbpracessbiiempmesy fooa pradegriained periodafdimd éven'ifthevppmpiietinedodf.t key
is selected or the set of configuration paranmeters are changed, the vol une
hi st ory Whe infarmatinmtineludesyhexdate prdiivg themann velerne bistqsy was hissdeaseh Whades t he

ability to c te. dur an infysion,  To change the flow rate,

t he ra%/e tqt Vq?g‘%BF{?%g&t&?h‘l“?e’@é‘agﬁ%c‘{rﬁé‘t g&dtimeq in the display area to
hi ghl ht . t. t t t
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flow rat @nﬁaan%maepaqn@wm Q%ﬁhﬂﬂyto??lo;vrcﬁhﬁlelép{he(volﬁ'rﬁ@ﬁlﬁ’toﬂp ’I:"’%L keys

to increase or ‘decrease the flowraté. Alternatively, the nureric key pad

can be ustsioiymfeld sitiva ch@ielsaFigaré 12 Gorithias sbé@nipledfivolvihé Ristokhforagw rat e
has been entered into the infusion punp, to begin infusing at the new rate,
the st ar tinfusipni pinpgr w8k eelo active thardelse A hadearbthameel seftdkien hm!g“dooe'lmﬁi kefylesed
reaches zero, indicating the infusion is concluded, the wi ||

aut onat i gapYidednifdhe vasekgésgss/@i Gleas vqlmve}usmrthe Thibers” cm¢lﬁgﬁé<m' i alert
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pressed. é'é@gssed, the "done" soft key is pressed. Alternatively, after a predetermined time lapses
with no key selection, the pump will .at.lt'omatically 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.



i nfusi on punp can then be programed for the next infusion or the punp can
be powered off. After the end of the infusion, to unload the IV tube, the
open key is pressed. The punp nodul e automatically closes the slide clanp
and opens the tube-loading channel to allow renoval of the IV tube. Upon
renmoval of the IV tube, the auto | oad nmechanismw | close. Alternatively,
if the IV tube has not been renoved afti® a predeterm ned tine period, the
mechani smw || automatically close. The IV tube can _be renpved on an
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front panfisidagitnes@ahén bdwogaimmed fopthanextinfusion dritisd munyp canrte foaeked | ght

key, and the arrow keys as well as the "option,"™ "primary," "piggyback,"
"channeloffel ect” and "sel ect" soft keys for view ng. The |ock function can
only be enabled when the infusion I s in a standby nmpde or durlng an
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or alerts are pr esent I on punp I ncl udés sever al I t1onal user

f eat ur eselobef théﬂnaﬂvd]ja\&fﬂl@ IV it@he s ha( Bden réndved afier wpmdemmeeema petlogh
di spl ays an options window if the "option" soft 17 key is pressed from

t he mai ntiehi medhayismiwil agpdmativallyrelose.i ncl udes a flow check feature, a current
Personal itym view feature, the selection of the downstream occl usion
val ues, the bdhedVytubseands reraovad dneent infusion pumptthat 18 BelRAyYAFest 9to f therapeae

feature In, order tqQ.view the particul ar avai abI f eat ur t he, user
hi ghl i ghk&Y fmreﬁseat‘ﬁvle ﬂ?eomée 100, RURRRAS eéfa %YCY' ieﬂwﬁrafﬁy power the unit, to

allow removal of the IV tube. The display area includes a 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 keys 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 iﬁc@udes 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



and scroll-down arrow keys. The current Personality[err] view feature
allows a quick review of the current set of configuration paraneters, as
described in detail below Referring to figure 13(b), a display area is
seen whi ch includes the flow check display feature. The flow check display
feature provides the user with a graphical display of the downstream
resistance to flow. In the preferred enti I ment, as seen in figure 13(b), a
plurality of trjangles 138 are provi ded Wwhich represent the downstream fl ow
resi st andkey idfressedfonh teangh dispB§. MTheloplibadnenuanecladesfd fow cloekif¢atwnsa ar e
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downstream occlusion levels. On selecting the downstream occlusion value, the options
menu will display a downstream occlusion value table, as 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 "PSYMMHG" 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 rénge, 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.



detail below. Several additional features on the punp are described bel ow
In figure 5 a "label line" soft key feature was seen. The label library
allows the user to select froma list of informational |abels, including
solution, therapy and nedications identifications. Selection of an

I nformati onal |abel displays the selected | abel on the programm ng node
screens as well as the nain display scrigen. The selected | abel also may be
di spl ayed on the channel display during infusion. This allows the user to
readi |y i dent Affinal seleciohonitomomionssthu 38 the ponftaumiiopiseryicedunctigns disct a

| abel , the user selectg the "lahe|l line" soft key duri [Ogr.amni ng
rode. " VHEReH PRI alsava e Lor bafitakgvin st e por ol g e BT
avai |l abl e,l abel s, , kncl udi -he ; ' | RRYbeP !
sol uti on§°l?ﬁil‘énf And *Oél?é#&agg%}";el%' a{*ﬁ%g%ls, t%\?\nﬂﬁ |ﬁm§8%§§?qq§ﬁg fﬁ&eés g?(}sep%ng)? ar eae?’ an
exanpl e Qfy; G Glteddbd36 80 kil bl iaditofizdd perddiBelUndyIPThib funetiom Btdepdibed e user
to select a abef whi | e "no-Change," ™page up,"” "page down," and "select" .
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Upon sel ection of the "change node" soft key in the programm ng node

di spl ay, ddritghiafisiong rErisallogvsrtbetaser o readiihidentifly ter splytionpr aadicgtion beisgi on, an
change node pop-up 19 nmenu, as seen in figure 15, is displayed. The
change noWwéussdp- up nmenu incl udes node and function subroutines. The node
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including the full name of the medication, therapy or solutions and the labe] 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 comner if additional screens of available text are provided. An arrow icon is
provided in the upper corner (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 mode" soft key in the programming mode display, if

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



The function subroutine includes prime subroutine and standby subrouti ne.
The prime subroutine is used to assist users in primng the IV tube in
order to ensure that no air is in the IV tube prior to infusion. In the
primary programm ng node, after the IV tube has been | oaded, the prine
subroutine is accessed by pressing the "q@ange node" soft key. The
scroll-up and scroll-down arrow keys can be enployed to highlight the prine

field, which can be selected b ressjng the "select” soft key. The display
area t hefPdisH sg§8 1 ﬁ@rﬁﬁ%n‘é dplsves, hhechages mad ReRstp Feny ?'&E‘fdés T@?&jﬂ.‘é The
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key di sabbeseledied by presting thensa¢ahsofidey Theslisplaydreatthen displeysithe pememes-upo
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of dose prograns which are based on patient body weight include ng/kg/hr,
returns the display area to the primary infusion program.

The standby subroutine allows pro gramniihg 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



ng/ kg/ m n, nctg/ kg/ hr, ncglkg/ mn, units/kg/ hr, and units/kg/ mn. Exanples
of dose prograns which are based on patient body surface area include
ng/merr]/hr, ncg/n2/hr, and units/nierr]/hr. In the optional dose
progranmm ng subroutines, when two of three paraneters have been entered,
the master mcroprocessor will calculate the final paraneter. For exanple,

I f the dose has .been entered and the ca@pcentration of the drug has been
entered or cal cul ated, as described below, the naster m croprocessor wll
cal cul at gfadioh Hidepérynttdf patiait paraSierdrs, hadeyt on iphti¢rit dodaweightier tasedunomt er ed and
the concentration of the drug has been entered or, cal cyl ated, the master
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figure 18, the programm ng of the infusion punp is described. Fromthe
primary pmatg i.ng nodes, the user uses the scroll- up and scroll-down
arrow keys on the chan nmode nenu.to highlight the ropriate dpse

formul a sel ect’ndhe PP%%f%C&W%?‘ngBﬁ?P Vi’g'épw?gf °£B{W‘§?°r P& anpl e
of which js seen jn figure .18 . The. ' ' r:c 0
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di spl ays the dose progranm ng screen seen in figure 18(b). If a dose

i nfusi on BarribeEPelow] tht Atdter Midrbpropésegvilhcalenlate/andidisplaycthe mte. vaindilarlyi ifi al | y
di splay the paraneters fromthat infusion. To clear the displayed
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| 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



than those displayed for fields with nore than one neasuring unit, the
"units" soft key is pressed to bring up the unit change |ist screen, an
exanple of which is seen in figure 18(c). The scroll-up and scroll-down
arrow keys are used to highlight the desired units, with the sel ect key
pressed to change to the desired units. Upon selection of the alternative
units, the-dose progranm ng screen is aggin displayed. On the dose
programmi ng screen, the initial paraneter is highlighted for entry by the
user. Agai:n, .t & - r P GRén inetwhitged to
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used to highlight the concentration paraneter and the concentration can be
ent er ed.andMusite¥Isbftikept &re prdvidate dthetdosegprogrammiiog deraen madestthamgasyiringent

vol une paraneters. If the concentration_ is not known, the scrall-up,and
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i nfusion, the use must confirmthe cal culated settings. If the user does
not, t heselidcs Rkpyreasedao ghampetotherdesicainmits nbgon stleitiogof thesdtagetive writswtteeen i n
figure 18(d). The pronpt line instructs the user to confirmthe setting by
pr essi ngdeseeprograminingysereen isggainglisplayrd yOn tije dase prograpming gisehleingiead n
confirmed, the infusiqn js started b ressing the start key, as previous
descri beHW&“éﬁ@ﬁﬁ’éﬂj’t%f;r eP@hYﬂ?‘%ﬂpt he main di splay ‘which, as set forth
above, displays the rate, th 15 l;%lrg@j | i H$E88e tRD/ Or the
time remaini n_é\grag}‘%eﬁé;_rqehn]f‘éjgf%%c?&gs we as%?;ﬂceahg)gggi.h 22 Ief the opti onal
dose pr Oﬂ;%{ﬁghgza oY ih R the Yedtbeld! chieBohy D 28 £6k2ip18)3f he BbncékBidh is Rndinilithar
programm ubroutine 1s utilized. "Referring to figure 19, a dose

progr anmisg@lises aR1schaMddidn BRbRIRey et bealsed whigidight thgrcamentgtidnaseaetar t he
patient's weight is seen. In addition to the progranm ng val ues previously
descri bednd thecqethtertiohcanbe ghteredu Thisteliminates the need to enter the drug amount and

.

diluent 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 Fhe 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.

Fu



programmed by entering a value using the nuneric key pad. The val ue can be
entered utilizing either kilograns or pounds, with the units selected by
using the "units" soft key to highlight the appropriate selected unit.
Simlarly, if an optional dose programm ng function is sel ected based on
patient body surface area, a dose progranm ng screen is used which includes
paranmeters directed to this function. Inzaddition to the progranmm hg of
each function as previously described, the dose programm ng screen includes
the patient’ gfpRptisHAllRSEpRERMAIBSAIndNRL M®ilEEd based vapatiem vidighty£ 20. This
BSA paraneter is used by the master m croprocessor to calculate the dose or
rat e ut isithilanprografBiing stirohtinc io ntikzedwiReferring to figure 19y dasa aragyammirg punp can
be programmed utilizing the volume to be infysed and tjnme of .infusion

par anet eereeniheving paramelers related logPEramming b&%ﬁ@&l%ﬁaﬁﬁ“‘tsh‘émﬂ“dﬁﬁ?e&t &t Thi s

vor u (AR B RRBT Hecelst PRl e Rty PoRB el oot oa,
par anot droBeRfiEEoy Hdlon UL U b REnRERRE TR e Rl B R ) ana ¢

par amet € _ O programmn on t olune to be infused and the
tinme of wnfzied &ither ld1bgrarkis e pbitfls SWitIPHesRs 8électedbyohdinglhierusits" v ey o

val ues can be entered for tﬁe volunme to be infused and the tinme for

i nf usi onhighlightpheppromiatasdlenatunital |y cal cul ates and di spl ays the flow
rate. As seen in figure 21 (b), to begin infusing, the "confirmsettings"
soft key is pSusidasty,ifrncentionaldostiprogramumiag fyngtioads slecied baseson patiephbedy at ed
flowrate, .and the start key is pressed., The ra node all o the user to
enter a PYTace ajRdy HARSRIPETAAFRIEE Stieehy Uyt Voieh e Brram A Citoctd fo 1hS

par anet er.s. ..These_ 1. me neters i ncl 1] I, - Up
time, an nrcgﬁ%'- z\%c/{rﬁllntl?nn'g’%g(ﬁw al"r?nel_nfg_r?é Fgc e@%ﬁ%@ﬁeﬁ g%qeé%ﬁ%r?dﬁlr%%?dom
time par afkhidisctdl indihald s iintd B8l sul@Uedre@lS Afatrkdtéfpas Sehay 1 e
is the tine prior to ranp- 23 up, whén the device runs at a presel ected
KVO r at e fighRe 0. UPhik BSA parainber fsivded Bysihalvhdssdn edicioproctsser dexicakatd the dasgoup to
the I evel delivery rate. Ranp-down is the tinme established for the device

to ranp daemtilizingatBiBA [celcelatideknomer in thaad. t o t he KVO rate. Fromthe entered

parameters, the master m croprocessor cal cul ates the rat e% necessary.,
Optionally, 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 parameters 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-



to performthe tine and volune requirenents. The total volune includes the
vol unme i nfused during the ranmp-up, |evel delivery, and ranp-down tines as
wel | as the volunme delivered during the KVO delay tinme. As such, volune
delivered during the ranp-up, |evel delivery, and ranp-down tines is

cal cul ated based on the total volune to be infused | ess the vol une
delivered during delay tinme. As seen in %égure 22(a), the ranp progranm ng
screen includes the total volune, run tife, delay tine, ranp-up time, and

r anp- dowgp, ik thd B6AEe R Phesclect K70 Bl Gldth-1 tildeds D@ timCestdblighda P and
scrol |l -down arrow keys to highlight the appropriate field. Wen all of the
requi r edtheadenixe th santp tip enthe hével dufiveiyratep (Rignpaddvn isahe tilmatestablished éorethe
delivery rate. The |evel delivery rate will be displayed above a ranp

del i ver ydegdentomop doven fremithe level delivern gate tabeK ¥@yateonfirms t he entered

val ues as well_ as the calcul ated | evel deljvery rate. To bggin I nf usi ng,

the start key Fremheentersd DoRMEISTS, Hie BRSS TISTOPRICGESOR GRIFHAtER BICTales NPRSERETY t he
Nine ! am
Chf used, “SRET i iR A vlihe ASLANSLH PAS Gl YORmER IR GERUAE e, |

nrusion are

figure 2ubhg ' m'erﬁ@émry?ma%{gﬁamﬁmw% WANEs b Iblitnd &Metd2. The

ranp status rcon 142 includes a4 I'i kenéss of the stages of the ranmp

i nf usi on,duking thedKNVQ ddigy dmkans kadle vdlithe deli@ered diringthe 48mpupglebe\delivelg) i very
148, and the ranmp-down 150 periods. During infusion, the ranp status iIcon
142 is cendirampidoymtisdes is dalcwatsth besediva the total vobimmto bk infused lassrthp yolutiee
portion of the ranp infusion that js conpleted is shown shaded in bl ack.
The pr omf{elwﬁé dpripg delad time Assesn infigure 22(@p Ake REIP\RregiAMFENg gresgeludes ¢ he
ranp infusion., Uspon pushing.the."view setting" .soft key from.the

pr ogr anmi a?o 1r"é’Z‘HT‘°’J“? T ﬁieri?yutérf’&rfaﬁlgf%rt e'%ng GFREHOWRSiRRe- ¢ Hiese Ryrametgrs
par anet er s, .far | el _ANGLE ' S LS. Ghosen
Gur i ng. o Far upELFabRyk Bedbiofiy dult Siof Rk Rt 1 BBy

whi ch i ncfidlde WidnGll 6titRe req@iretdRalucdlvé bedh dhter¥ kle Ring KAl EASNatE iR 1¢9eli CON
142, is displayed, as 24 seen in figure 22(c). The pronpt line in the

di spl ay addiverymateu dBe lopdlidelieerpiete Wilbbedisplaydicabosen raep deldiengicopdnlt The
status of the ranp infusion. In the exanple of the status depicted in
figure 22{copfimmseitings" sofidiey senfinns the enteredyaluspagnvell putecalcplataddevgler is to
| mredi at ellé/livre?y atgo'iﬂg]beg-mlilr?ﬁxsigg, ttrwas %‘rN{l prgscs)gc{. key I's provided.

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 progrgssion 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 screeh,

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



In order to utilize the optional drop sensor, the drop sensor is connected
to the drop sensor connector. The drop sensor is attached to the drip
chanber above the fluid level on the IV tube connected to the prinmary
source fluid container. Wien the drop sensor senses that the primary-source
fluid container is enpty, a container-enpty alert will occur and the
device-will infuse at the KVOrate duripg the alert. A container enpty
alarmwi .l follow the container enpty alert. If the optional drop sensor is

utili zegeer indiguié DB, The lpruikptiline i€ thei didpliaded includes sptivas availablat®the.uskf t he
pri mary-vol une-to-be-infused field is not entered, the infusion punp wll
oper at e depending ypanthe stawg b theramp infusionr bythe exxaseple aéthestatusdepistadtip | ui d

container. The np is capable of functigning jn a variety .of clinical uses
fr om badigdrg ﬂ?feﬁ éﬁﬂaa icsﬁlcr@@vswdg? am*ﬁwa%lragi%ﬁ yser i todrpRadiiely Famp | i t at e
usage i he | eck cd L.k | i lon, the present invention includes
a vari e{afl) @?ﬁﬁﬁ&gd@ﬂséﬁk‘%&@gﬁ@? Uration paraneters. In order to

access the cugtperssiutifie theBhlicHA aldpRenRA IR EbE sensdf [sSRAnectddfo 11 RBHE
personalities” soft key fromthe power-on screen is pressed. In figure 23,

exanpl esendoreunnefors hs dedp seastr igattathédmn tiodripeHaaiter sbwie thofliib tevgbogr al
floor, pediatrics, neonatal intensive care (NNCU), critical care (ICU), and
home carthe &Y dubd comadctedty théypimeryasopenetfiuiditontainmt Vlherncthe fifapusensor sanses
paraneters, the scroll-up and scro|l-down arrow keys highLight t he chosen
set of dBRYYEEPMEYEOYSss Hudcapiaineris apmplyy acpB2SHEMPHr aleqt 3all secunand B t he
chosen sets of..confi at} ar,aneters, the "vi.ew' soft. key.j ressed to
i oot ay S viesreBfiRRise B K PO oftp e eltert oF conhSe erily it bl Foip 85

confi gur a4 o Sel . [ : 2 ). canfigure
the sets o Qg%rgé?xﬁ%g%geﬁ gﬁﬁ‘tﬁg g%rzat?gr?@setn ﬁgﬁs&gﬁ |%’udraeap x|tlon sgei?l\llxliggé&? gnction of

the opt i fSseddield BRI malddtb§U TEthé Pridary-SoliRk 6 bednfubiPield ¢ @ bhtefedPthet he
25 configuration/service function, a password entry screen seen in figure

24 appeairfusidinpupp selil@perateres thiegsropaat rateninyil the dpgy sehespieteats aperponfieid access
the configuration/service routine. The pronpt line directs entry of the
passwor dcomtA@enut hori zed personnel enter a nuneral password in order to

roceed in the_ configuration/servjce routine. .password enfry screen
P el’he pumpgxs capa%ﬁa of functioning in a variety oir a?mga% uses frrom %astic ough

advanced programming functions. In order to facilitate usage in the selected clinical
application, the present invention includes a variety of conﬁgurablé 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 ca.re (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



I ncludes a reference listing of the software version in the infusion punp.
A "cancel" soft key is provided to exit the routine. Upon successful entry
of a valid password, a configuration/service nenu screen as seen in figure
25(a) appears. The options include Personalitymconfiguration utility,
device configuration utility, event history, service features, device
configuration transfer, downl oad confi&ération, tinme set and date set. The
devi ce ecarfigugaticiVdetvicé fmBds & pasdwnd erdtfyscrigh Berhiid figufeddpippédrs. pElissonnel to
transfer the configuration of one infusion punp to another infusion punp.
The downpssaerd ensuragihationbrpraperdwspitah eerammnkncp«zse @mrﬁgwanorﬂmn reitineo

downl oad. t he i nfusi m fi :urat t hroough,the serial port. The
configu |p6‘?f“8‘elf‘§ﬁ ‘?c&é’ﬂfy Pﬂ@! I FULROTIZEG PEF s‘?&‘?{%{’r‘lﬂ“d‘%ﬁe" sof t

key. Wh n t ar rticular
comonere o B bid: oTprbbedt 4 °‘39ﬁa%%t§%§s§%§°%.fn A A

Pers onalméwa'éyaqe&fré&e 'iﬁﬁxhé’é‘f tHe géﬂwafe VaSibH e %ﬂ’uﬁ@i’m@lﬂ?nf@‘cﬁ‘ncel“ soft ke
Personality[err] list usi on nodes and features usion limt alerts
and al argprovilledpto et s dutimend | abel |ibrary. Wen the
Personality[err]configuration utility screen is entered, a Personality[err]
list is di spldpedsussesstidantinofa alidepagsiond, acﬁhﬁgtp@msemcmmmqrem of

configuration paraneters is _identified in_the dIS " " "up", and
"down" S6FR Inigw gaﬁéaweaspdﬂlempaﬁm igttpdsRerspnality F%faﬁvﬁttgaw&ﬂlry@ gevice

i 22§;e%§f§ow§‘ﬁ3 B, B8t hibhRy, Bide 1hes, Boict R ISR Slhsten, AOWRIET o
can md'éo\‘xf%ﬁ:a‘ﬁ'oﬁ"‘ﬁﬁx@@ﬁ%?& a9 setor’ffhw i8d %&,@igeﬁaagﬁaﬂf& ahwg&;e%uﬁd}&e change

settings" soft key, nane o et of configuration paraneters

by usi nchdshhal'pebsongel tBQﬁahsf&g& ot durdtidy of 6RPMfilshd MER loGub@t: @Fusidn the set
of configuration paraneters by selecting the "copy Personality[err] soft

key, or mmapl #hodowhnivadkenfigueatvatallows thenriithgtizeat hiaspity pemmetet tesddynload thy t he
"enabl e/ di sabl e" soft_key. Wen a set of configuration paraneters is
enabl ed, infigsion pmmnsp@fégmuonzhrqugb thecserial porfe The §@nﬁ.ﬁur%tW§emcemm guration

Dovier - ontmelHeRt A aseles bR gene Sofikek magg 588 Y Eelsage
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par anet er ,an ex
the Personahty'rM 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 authorized 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

re



figure 25(c). The Personality[err] configuration nmenu identifies the
conponents. A nessage identifies the configurable itens found in the

hi ghl i ght ed conponent. The soft keys include a "done" soft key, a "select”
soft key, and a "Personality[err] nane" soft key. Selection of the
"Personality[err] name" soft key displays the create name screen seen in
figure 25(d). Using the soft keys and th& scroll-up and scroll-down arrow
keys, aut ' i < Stn .
confi gur ath %%%gglf gfrgrget%egregs! Of%gf@égﬁkgdﬁl ]og t‘ﬁge}g?%hfc&??e oﬁ%ngggggﬂé}?f eas?Etrkg ,'s for
exanpl e, apldssutafichporert-trari zed hospital personnel to determ ne which
features and functions will be available for the clinical user for that set
of confi gurat i dfithedckange settings’ dofh ey isiselectad.casPessonplity5* ognfiguratiopiregnufent ur es
and functions to the clinical user. Exanples ipclude igﬁgl],e I,nf usi on

modes, di SBpedectrsksete wgtion paramelsreie Aisplaxed: 4 exapRlg Ishd$3a58d% mode,
di sabl e prd ne ,~enabl e ek titration, anpd I heck display.
The aut hox}g? é%iﬁggpﬁera? °rf)°é‘|a§§nn8?n#{,3§ﬁ%8ﬂé%ﬁné’ 1§?ntﬁg§§"ﬁl%8&# ﬁl)égnl%ab [OPTa8F ar y.
The aut horj | F | ' L

ol ut i on Haaae A il A Ry i A A Confloh L. TR ek infihde o

| abel |i brdoe" softiteab BtlectWioht kefiand alrebrsbhdlitg™Mynant" 8o Rty cdi@tion Bf tHee
configuration nmenu seen in figure 26(a), "done,"™ "library set up" and
"enabl e/ di"Petsoeilitg®f narkelysofidey dipphays tedreatipramssreeatseanindiguran25(4). i Usiag y set
up" soft key, the label library set-up list is displayed, as seen in figure
26(b). A "thesefhkeysandithg sgoli-up prdsarelbdown ampwikers, suthgiizediiospital persgnnefgan
present inventjon al Sﬁa geﬁ%gif;d several trc ubl eshooting alert, alarm and

failure nmeSEEd Syt 1EUrelPR PRI | ure nessage occurs, the
status area of éaéctfgﬁsﬁltﬁé/inﬂ?sfonviﬁ)ée A K{a&lﬁ BUBP RO, SuSIAHBGhEGHILSP! aY.
identify the alert, alarmor tarlure. .errt nessages- nay require a user

i ntervent i pEkpitBUler&An8ab delefRink MhidH fehttlAnd AR i BhCWildieldvaildble for Afe clinical
automatically stop the infusion and require i nmediate attention before

I nf usi on caser lfer therseosft e fighrati@y patmeétets ant hotthe fiisiaapuny silbgisplan features
infusion. An alarmcondition overrides an existing alert condition while a
failure ovend fugetions tb thd elirtical used Ekamples indludaldisable infnsipn modes, dighble dobe

yel l ow al ert LED beneath_ the pupp.nodul e di spl.ay, and sounds the alert
t one. The 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
Iibrary 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 label 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 provide.s several trc 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

-



alert tone can be silenced for a period of tine, such as for exanple two

m nutes, by pressing the silence key. The alert conditions include advanced
air alert which indicates that the user is advancing a detected air bubble.
A battery-low alert indicates that the auxiliary battery has |less than a
predet erm ned anmount of infusion tine | 7t This alert occurs before the
battery alarm condition, discussed bel oW occurs. The changi ng pi ggyback

al ert i nditsraieRlly R thORfiRidgoaHIdeduifedhtnddfatdficnfios befogsitfigionah 8bel 1S

bei ng added. The changing primary alert indicates that a prinmary rate or
dose i s tostaried.chaleyied fajluré ateaticallp etops amdicfsio rA mej arm conditien wierridesen
channel - stopped alerf . indjcates that the punp is,qn, not in stapdby node,
but t he FXiHURS e pandiinn Whilea fgfuregyegides al Plertga%@%m HerEmHHOR he. user
to start,, ] I. Nk USy ar _to.power-of f .1 nt.ai ner - ty
alert i nlbék{:lgpgsy%pﬂgtafl?rﬁggﬁrb&ﬁcag%ﬂgé’m&% %5%"‘%@?‘ g é‘-’rf‘g‘g’a%?%%g"‘ F%g' rce
cont ai nefyes ' Ip &l ' ] MO rate
o the o ayam eIl fol sl of i R G Sk IR P iR, by st

vol une tteldichdtfitéeyed has been conpl eted. The pi ggyback-call back alert

I ndi cates that the piggyback infusion has been conpleted and the punp has
swi t ched t o t Abe plertmengitions insiude advencadoait alest svhiohi indicgtes thhtthe oser it he si |l ence

key can be pressed. The prine alert indicates that the primng nodule is
bei ng enplARewe adstectrdinr bubblendd pattsayinye rlegtindigates thatths wxxiliary Patiery bayy back

i nfusion,is,bein rogr.a d while.a.pri i-nf usi on is .t aki | ace. This
Lert ' oidsR e At B O S rrntl of el drilett, M Ale Bodumy el Mk S ey

pr ogram . ' ' S4 L ' : spaused
Pl odr 2 #tnofikioh s GEARRE oIS Tl hahbing BRIIBEA A iniREcek AIARAS S
t 0 presspidpgbadiarate i B¥ing Rhired GRa 14b8] is BBIg 0O THeRBEndifEpritaRyGldrt I anp”

soft key to cancel the 1 nfusion. 28 Thé air-detect alarmindi cates that
an air bidditatedthat Hpdmanatect ddsdia beitig oRarpeéd pr biyeldsheidg addedkinkihy endet ect i on
paranmeters. The display area displays the air-in-line icon 153 and the user
i s asked infusione advance air feature is desired to be used to viewthe air

bubbl e, as se in figure 27(a). Choosing the advance ,air feature_ advances
the display sc annel-stopped aleft indicates that the pump is on, not in standby mode, but the

infusion 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 the "advance air" screen depicted in figure 27(b). To advance the air
bubbl e, the user presses and holds the "advance air" soft key. Wen the

air-detect feature again detects fluid, the display area will informthe
user of the fluid detection by displaying the fluid icon 155, seen in
figure 27(c). The user can continue to gglvance the air bubble until it is

at the injection site on the tubing, where it can be renoved using a

syringe. Upon ?ﬁé‘ﬁk—ﬁ&e&'aﬁrﬂx 1ﬁélc£t€§ﬁﬁt£nai€$\ﬂﬁre Ha8 Gaér dncasdbdskkomppear ance
of the fluid icon 155, the alarmcondition has been reset and the infusion
can be r eprepidgeaniayd st bektladetehiipnyiacantetdrey TheAdisplay arcadispliyathe@irdnrdingnt i | a
maxi mum def i1 ned vol unme has been punped. Once this nmaxi rgélm vol une has been

punped, tisend53phdisheinserds peked ifthe pdyaneesir featre lsa’§81§@e!ﬁ Aisgd ‘Ql)’l‘"é” ﬂev) The
|V tube shoul.d b | t, th

bat { ory- ABRHNEER Serrain e e Shopnag tefdvelts air et R pSyess Be AlePlay Higen

di m ni Sheg, Behgiv beb ARl DEGERNH Kol 891 DUBRLIS AburFR tRS8L 11 s

alarm thé& pl ugg o an supply. Tthe check- trop-sensor
alarm i ”dg&% %sanﬁ Wl thd a0 4FP s 4T Reyd SWRerP@B hir GlteREifchfie RMIBKERYAGHOP
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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 2
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 droj) 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



I nconpl ete-program al arm indicates that the start key was pressed prior to
entering or confirmng a progranm ng paraneter. To reset this alarm the

m ssi ng paraneter value and the "confirmsettings" soft key, if required,
must be entered. The reset-manual -rel ease alarmindi cates that the manual
tube rel ease has been activated. To resé® this alarm the manual tube

rel ease nust be reset. The tube-not-I|oaded alarmindicates that the IV tube

has not Q%tha.:%&%eﬂrdm igbFhabk Ssobldek hhRing! AlotrekR Yhis digmi, 88Shroblths al arm
the IV tube nust be |oa eé. The out-of-range alarmindicates that a
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entered. This alarm occurs when the "confirmsettings" soft key or start

key is phessascat oTtowes than thenleve) of thefpriraany8uid squree oy theaadvagtent iclosugeof the

P TaF cat e SU0F P LY HOF SaHRCiFas ey BRRAAS SOEe-FONHR Seeesiobhyn
limts. t thi s ' t t
S o e B Bl UG Thaklls bR, AR cPSnE LS Bl (Idlpe pLT L0
that the &Bﬁﬁﬁinlgrh%rlu%rmﬁﬁ@é HArEmOEr. T Erebd s bR Uhe kSl RrA840RAd Hat s.  To

renove this alarm” the tube nust be warmed by noving the punp to a suitable
t enper at uhe "enfinhaeamps". softheyif euited nastbadndrsd. Thd radtasanubiateldakealhivh t ube
has been inproperly | oaded. To renove this alarm the |V tube nust be
renoved dndiceigh tmtite menupldnberelerbachas boen astivatad A agset thiscilasey, the modmael t he |V
tube has not been renpved fromthe tube-loading channel during an attenpted
t ube- unl 4BF F3C35F BSHRR®SeL f t'his occurs, the proper tube-unloadi ng
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of the occlusion nust be renoved. contal ner-enpty al arm

cont ai ner aleAR indigdt@ that sk rhinBiingeAGd dl68e of the BrepRp¥ammddhlfovadb fnkdHACat es
that the container-enpty alert condition has existed for a predeterm ned

vol une. Tbeanaswdred.hTlsis alasm opcuas when the Ueahfismusetings'onftdieper stanikey epressadiect ed
or the punp powered off. The no-slide-clanp alarmindicates that the onl off
slide cl akp resgsthesut-pEenspalopervajues yathinthe prepragsenmed rapga masthe eantesed.ubi ng
st be 1 q"gg\{eegpggtguer-tgl)—%?g ezgérm 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 ﬁle 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 the tube-loading channel during an attempted tube-unloading
procedure. If this occurs, the proper tube-unloading procedure should be erﬁployed 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



properly locating the on/off slide clanp in the keyed slot. The authorized
hospital personnel can programclinical feature limts and infusion alert
and alarm characteristics. The infusion limts, alerts and alarnms are
accessed fromthe PersonalityM configuration nmenu, seen in figure 28(a).
Upon selection, the infusion linmts, aleé®s and alarns nenu seen in figure
28(b) is displayed. The settings in this nmenu apply to the infusion punp as
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occlusion values, is seen. The screen includes a "no change" soft key, a
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Options on the downstream occl usion val ues are displayed. In a preferred
enbodi mentdetediedby thevinfisior pumpc Refatiog tofiguiedd,anairdivbble sglect pullrown menu

which is disl.)llélyed. 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; tixe 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



the preférred enbodi nent described herein, the three values are m ni mum
noderate and maxi rum The m ni mrum noderate and maxi nrum val ues indi cate an
approxi mat e maxi num pressure for different flow rate ranges. In the
preferred enbodi nent,. three flow rate ranges are indicated. The authorized
hospi tal personnel also can set whether 3he clinician can override the
downst ream occl usi on val ues. Wien the occlusion value clinician override is
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patient movement which subsequently opens the IV tube. The infusion pump will continue to
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



features al so include sensor calibration, which displays information
related to the installation or replacenent of certain infusion punp
conponents, and manufacturing tests, which are used in the manufacturing
process to calibrate infusion punp conponents. It should be understood that
various changes and nodifications to the preferred enbodi nents descri bed
herein will be apparent to those skille3in the art. Such changes and
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further invention and without diminishing its attendant advantages. It is therefore intended that such

changes and modifications be covered by the appended claims.



includes a plurality of soft keys contained in juxtaposition to the soft
key | abel area. 6. The i nfusion punp of claim1 further including neans
for entering values related to a beneficial agent to be infused into a

pati ent and neans responsive to the ent er3§d val ues for calculating a dose
of the beneficial agent to be infused int® the patient. 34 7. The

i nfusion punp of claim1 further including neans for entering val ues
related to a Wnt to be infused into a pat ’Iﬂl‘(uﬂﬂllmm llll
responsive to alues for calculating an | t he
beneficial agent, wherein a graphical representation of tfe cal cul at ed

i nfusi on profl le is included as user.interface information, the graphical
representat i ol | ncI%Pﬁ'ﬁ'Q"i%’"?%ngr emai ning. 8. The i nfusion punp of
claim1 further ind mdintds poftiohgry whi ch provides el ectrical power to t he
m croprocessor neans, the dis e nea s for applyin unpi n
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user interface information for a specific patient.

2. The infusion pump of claim 1 wherein the graphical representation includes

a plurality of triangles.

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

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

5. 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
includes a plurality of soft keys contained in juxtaposition to the soft key label
area.

6. The infusion pump of claim 1 further including means for entering values
related to a beneficial agent to be infused into a patient and means responsive to
the entered values for calculating a dose of the beneficial agent to be infused into
the patient.
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7. The infusion pump of claim 1 further including means for entering values
related to a beneficial agent to be infused into a patient and means responsive to
the entered values for calculating an infusion profile of the beneficial agent,
wherein a graphical representation of the calculated infusion profile is included as
user interface information, the graphical representation including the infusion
remaining. . '

8. The infusion pump of claim 1 further inclu;:ling a battery which provides
electrical power to the microprocessor means, the display; and the means for
applying pumping action and means for detecting the charge of the battery;
wherein a graphical representation of the charge of the battery is included as user
interface information.

0. 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
air in the tube is included as user interface information.

10. 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.

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

12. The infusion pump of claim 11 further including means for clearing the
stored user interface information for a specific patient.



