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and nade a part hereof. Technical Field The present invention is directed
.to an apparatus for nonitoring and/or controlling a nedical device, such
as an infusion punp, froma renote |ocation. Background of |nvention An
infusion punp is used to automatically admnister liquid nedicant to a

. patient. The liquid nmedicant is supplied froma source of nedicant and
‘punped into the patient via a catheter or other injection device. The
manner in which the liquid is infused is controlled by the infusion punp,
whi ch may have vari oMEDTCEE AFPARATSISONITHREMOTRCONTROIOUS node in
which the liquid nedicant is continuously infused at a constant rate, or a
ranp node in which the rate of infusion gradually increases, then remains
-constant, and then gradually decreases. Typically, the nonitoring of an
infusi on pReleted Befsreneasr ned by reviewing a visual display means -
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- physicians in accurately and efficiently treating patients. To date,

however, St . (F | treatnents are provided to the patient based on
obj ect i veMG WO 03/ 059422 2 PCTJUS02/ 3%901

The present invention is directed to an apparatus for monitoring and/or controlling a

10 medical device, such as an infusion pump, from a remote location.

| Background of Invention .
An infusion pump is used to éutomaticaﬂy administer liquid medicant to a patient.
The liquid medicant is supplied from a source of medicant and pumped into the patient via a
15 catheter or other injection device. ’i‘he manner in which the liquid is infused is controlled by
the infusion pump, which may ha‘}e various modes of infusion, such a3 a continuous mode in )
which the liquid medicant is'bontinuously infused at a constant rate, or a ramp mode in
which the rate of infusion giadual}y increases, then remains constant, and then gradually
decreases. | '
20° - Typically, the monitoring of an infusion pump is pefformed by reviewing a visual
display means incorporated in the infasion pump, and the control of the infusion pump is
.performed by activating an input device, such as a keypad, incorporated with the infusion
pump. Consequently, the monitoring and/or contro! of an infusion pump is performed at the
same location at which the infusion pump is disposed. '
25 _ Additionally, for many types of medical treatments, the impact and ultimate
usefulness of the treatment depends on the patient’s tolerability and sensitivity to the
' {reatment, Such measures assist physicians in accurately and efficiently treating patients.

To date, however, most medical treatments are provided to the patient based on objective




~ _neasurements, rather than on actual neasurenments of the speti#i20&ibj ect or

environnent of the subject. For exanple, typical nedical treatnent
- paraneters for many drug therapies are provided based on the generic
circadi an @}%HB ,,nder the circadian systemit has been 5 know in the"
medi cal i éy that typical biologigal functions of pl aPEEUAES%A| mal s
reoccur © at approximately 24-hour intervals. In humans, the -body's clock is
| ocated in the suprachiasmatic nucleus (SCN), a distinct group of cells
found within the hypothal amus. The SCN controls or coordinates the
~ci rcadi an PRFYEREPS: ©HEr DaReR spyalmeapyisments of thegpedifiereniect of envirdiment oyt hm
is calibraheghpethe alternation of light through the eyes and 10 darkness
via mel atonin Secretion by the pineal gland. Furthernore, the cellular
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_ 14% of dose between 9 am and 3 pm;
.20 68% of dose between 3 pm and 9 pm;
A 14% of dose between 9 pm and 3 am; and,
4% of dose between 3 am and 9 am.

Generally, the time at which the medication is delivered is selected by the physician
25 . to objectively coincide with changes in the patient’s metabolism. However, the circadian
. thythm is merely an estimate of the changes in the patient’s metabolism, and is not based oﬁ
-the actual patient’s metabolism. Thus, whether the medication delivery actually coincides
with the patient’s actual metabolism is neither evaluated nor determined.
Additiomﬂly, different medical treatments have different optimum dosing time-
30 profiles. For example, different anti-tumor drugs are typically dosed at different times:
| Epirubicin and Daunorubicin are typically dosed at 2 houss after light onsét;
S Cycloph_asphamide is typically dosed at 12 hburs after light onset; Cisplatin is typically
 dosed at 15 hours after light onset; and, Vinblastine is typically dosed at 18 hours after light "

onset, As can be seen, different drugs have diffetent mechanisms of action.




Cther factors, however, may al so affect proper medical treat 0% For
exanple, the mninumsensitivity of normal tissue is thought to be rel ated
to the enzynme levels that affect drug netabolism (e.g., glutathione). An
overal | driver of these variables is thought to be the rest- activity cycle
of the patient. Because of this effect, it is known that |aboratory rat
studi es should be conducted with thé animal subjected to a 12 hour |ight,
and 12 hour dark cycle. Nevertheless, it is known that different patients,
and with regard to cancer treatnent, even different tunors, are not all on
the sane circadi an cycle. Thus, there are at |east two aspects one .needs
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the first location, the renote controller having an input device to
control operation of the control algorithm 3 July 2006 3a According to a
seco 6t th@fnveRGoPr €Ssent invention, there is provided a renotely-
controll ed nmedi cation delivery system for delivering a nedical treatnent to
a pati ent Acpasding to it eslecodihapresapiabinsions thorslis pl@mdn@;a rémeotelpaontaolied
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~oper y conn ensor, di sposed at
. a | oomdication anici medns don deheerﬁgrth@msdmhmeb thetpaderstpthe afedioblt tedatifiertt Hevisd g nal ,
. the %glrﬁtg rd%lposed in a first location; a control algorithm coupled to the medical device; a sensing
~ device coupled to the control algorithm, the sensing device sending a signal to the control
. algorithm, wherein the control algorithm processes the signal received from the sensing device
and develops a feedback control based on a result of processing the signal to determine whether
medication should be delivered from the medical treatment device to the patient, and providing
.the feedback cbntrol to the medical treatment device to control the delivery of the medical
treatment to the patient; and, a remote controller disposed at a second location remote from the
first location, the remote controller having an input device to control operation of the control

* algorithm.




al gorithm processing the signal obtained by the sensor and V&8s a

f eedback control adapted to control the delivery of the nedical treatnent
fromthe nedical device to the patient, and wherein the renote input

devi ce has a neans for manipul ating operation of the control algorithm
According to a third aspect of the present invention, there is provided a
medi cation delivery system conprising: a programmabl e nedi cal device
located at a first location for admpnistering a nedical treatnent to a
patient, wherein the progranmabl e medi cal device has a means for

adm nistering the nmedical treatnment to the patient, and wherein the

programuabl e wmedi cal device a first input device. for entering contro
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According to a fourth aspect of the present invention, there is provided a method of

controlling 2 medication delivery device where the medication delivery is triggered by one or
more physiological conditions of the patient, 'compn'sing the steps of: providing a medicatioﬁ
‘delivery device; providing a local controller having a control algorithm; providing a Sensor;
providing a remote controller, the remote coniroller having an input device; and, utilizing the

sensor to obtain a signal concerning the physiological condition of the patient, transferring the




result based on resulting data fromthe control algorithm “&eA8%ing

f eedback control based on the result fromthe control algorithm and
mani pul ati ng the medi cation delivery device as appropriate based on the
feedback control. Herein disclosed is a nedical apparatus that has a
progranmmabl e nmedi cal device for admnistering a nedical treatnent to a
patient, the progranmabl e nedi cal device being disposed at a first

| ocation, and a renote controller fogycontrolling the programmabl e nedical
device, -the renote controller being disposed at a second | ocation renote
fromthe first location at which the programable nedical device is :
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| ocated at a '
device, means operatively coupled to the display device for generating a visual display of a virtual

=

input device substantially corresponding to the input device of the programmable medical device,
and means for allowing a user at the second location to activate the virtual input device to allow

the user to control the operation of the programmable medical device from the second location.




first location for administering a medical treatnent to a palef®P® and the
programmabl e nedi cal device has a neans for adm nistering the nedi cal
treatment to the patient. Additionally, the programabl e nmedical device
has a first input device for entering control commands for the
programmabl e nmedi cal device. The local controller is operatively connected
to the programmabl e nedical device. The |local controller is disposed at
the first location and has a second igput device for entering control
commands for the local controller. Additionally, the local controller is
operatively connected to the patient to receive a signal fromthe patient,

and the lo . ni_pul at es _operat,ion _.of .t.he pragra bl e medi cal
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device, a local controller, and a remote controller. The programmable medical device is located at a
first location for administering a medical treatment to a patient, and the programmable medical
device has a means for administering the medical treatment to the patient. Additionally, the
programmable medical device has a first input device for entering control commands for the
pfo grammable medical device. The local controller is operatively connected to the programmable
medical device. The local controller is disposed at the first location and has a second input device

- for entering control commands for the local controller. Additionally, the local controller is
operatively connected to the patient to receive a signal from the patient, and the local controller
manipulates operation of the programmable medical device. The remote controller is disposed at a
second location remote from the first location at which the programmable medical device is

.disposed, and has means to allow a user at the second location to control the local controller.




controller, and a renpte controller. The progranmabl e medi chfustiPPte iss

| ocated at a first location for admnistering a nedical treatnent to a
‘patient, and the progranmabl e nedi cal device has a neans for adm nistering
the nedical treatnent to the patient. Additionally, the 25 progranmabl e
medi cal d®O@@staz a first input devige for entering conpepluseagymnds for
‘the programmbl e nedical device. The local controller is operatively
connected to the programmable nedical device. The local controller is
“disposed at the first |location and has a second input device for entering

control conmantie fopot ddvivelminete, £ Bxiié, o keyPatl bhd SR airtoal inphdRvicR G2y be '
controller js %[laeiﬁ%,tlvel y connected to the patient to I’ngI ve a signal from
the 30 paf VP! display ofipepliughity of keysthaying spbsientialy thetseme opfigarition apfhet he

progr am‘rapé@a&redi cal, device. The renote controller is disposed at a
second | ocation renote fromthe first |ocation at- which the progranmabl e
medi cal devi ceTheprigespusabls medical avcemay de o irfhdieprnp o€ hdbinistdimesecond

| ocati on %o .gontrol t he hocal _cont{ IIe[i. 3.July 2006 WO 03/059422 5
PCT/US02/ 4340 BeHaWLI0 2 patigh,whick ingludesa ligwid injestiondayieaadspiediieber esent -

‘I nvent i ongdMnkdted® tHO BRAERNL : s - Skil s e in view
of the detailed descrpi p?iﬂgnéog?m%%ﬁﬁﬁgtg%%%&ﬁgﬁ%ﬁ?iﬁgﬁl&\E}\Agirgﬁ{u%s made

‘wi th ref emechsgismdfor pampinghenliavid medicant throwgicthe pordait and intdvibe paiient viwrmyi ded

below. 5 |- ef . r-Lpt.l Qn,of wipgs FIG, 1. is a block, diagram of an
- appar at usﬁ#dcl)(ﬂné rﬁgﬁﬂgﬁ}é‘%’%ﬂggﬁ%’%@ﬁ P“?F‘é%‘f thFB“’é‘Pmﬁé‘%chﬁ’e‘sffgnd noni t ori ng
the condition Aécoiding Redrottitt aspebtGf 1 fresedt ﬁbfiﬂén%@ﬂfe&i&hlh cafiat 8L ?& ronic
sc c

conponents of the rempte, 10 nonitor/controller shown emat1 cally in

FI GI0 1; Praga supply ofmedisakion, jnd g ragans frs delivssitigitbormeditationdo thefpati¢cransipgap shown
schemati c | ; ' I | agl,am of the el ectronic
corrponent?ng@%l erﬁ}]%a&giiaosghﬁﬁm vgc?,. %F%cg‘gf!("lgifgg&ﬁ‘ﬁs cguglgf@ t’f’?%‘ﬁé‘ﬁ t of the
overal | ogeicat The safsinghievica vsiupled P cofttdbalgdritoh kel thak@Sing dBUED§naef
data-recordin s%eps tﬁﬁr or ned ,ijuri nﬁ_ the operation of the infusion punp;
FIG 7 isaﬁg‘?agfﬂ & SRRtERalgeTigp.- o Thegon BlalgRritnmproRsstss fregignelrecdivdsomon punp;
FI G 8 I Sthasdnsiip@aict afd déveRip®h feelBicR chRrS1vaSd ¥l Sila it pl?gce&%eg_ E(s)igxsizglor €

data relating o
15 to determine whether medication should be delivered from the medical treatment device to

the patient, The feedback control is provided to the medical treatment device to control the
delivery of the medical treatment to the patient. The remote controller for the device is
disposed at a second location remote from the first location. The remote controller has an
input device to control operation of the control algorithm,

20 According to yet another aspect of the present invention, the medication delivery
system of the present invention comprises a programmable medical device, a local )
controlter, and a remote controller. The programmable medical device is located é.t a first

~ location for administering a medical treatment to a patient, and the programmable medical
. device has a means for administering the medical treatment to the patient, Additionally, the
25 programmable medical device has a first input device for entering control commands for the
programmable medical device. The local controller is operatively connected to the
programmable medical device. The local controller is disposed at the first location and has a
second input device for entering control commands for the local controller, Additionally,
the local controller is operatively connected to the patient to receive a signal from the

30 ~ patient, and the local controller manipulates operation of the programmable medical device.
The remote controller is disposed at a sccbnd'location remote from the first location at which
the programmable medical device is disposed, andlhas. means to allow a user at the second

location to control the local controller,




20. 'to the operation of the infusion punp and data rel ati ng 4y 20p@
~condition of a patient; FIG 9 is a flowhart-of a routine which may be
“used to identify the type of infusion punp to which the renote

- monitor/controller is coupled; no. 10 is a flowhart of a node select
_routine of bl@ Oggg%pte noni tor/controller; FIGS. 11A 11Bpiclhdedissyie _
“portions visual displays generated by the renote 25 nonitor/controller;
FIG 12 |s a flowhart of a command punp routine that is perforned by the -

renote nonitor/controller; FIG 13 is a flowhart of a receive routine

that is perfor t r
transmit routi %g%éﬁ%ltd %rggw?rﬁﬁgégwa%gEf%&%?%ﬂrﬁﬁbv%%%a g'ﬁ'—:a%p %%%ﬂl s an
il lustrat |tkme@foahmphllmaﬂw@sem Vmwmfthmmlcd)de@apdmlsqﬂlthymdfdmpdt he renote

nonitor/con FL.G 1 | ock am of dical. tr

i i st r SEPORRGE wiFbe 2 Vi eRERes (U REMEIE. SRR BR o gsRos0422
6 PCTlUSO%;@,&@&ﬂbdfd,‘a 17 i's a block diagram of a variation of the nedical
treatment admnistration systemof FIG 16, including renote controlling;
FIG 918 is a block diagram of another variation of the medical treatnent
adm ni str 16, including where the controller is a
corrponentaé RS AR of Dol vice; FIG 19 is a block diagram of 'anot her
vari ati on of tHHaGNEE a:hibckdxegammﬁhn apparat fof adnhinisrriny sdedivalateatrhiést told,

i ncluding a., variety,of Sﬁg deV| ces;, FIG 20 is a bl ock diagram of
“anot her v JRfigitiapd monitprRg forkgf &b PAYSEG admi ni stration system of FIG
16, i nol udi ng_ gsas 4 o ciBRRRI0P e UG cotforthfBof 4 @ DI ock di agram
of another variation o i ca treat ment mni stration system of

FI G 1016, imafiwdicomrolleeshownisehapmtically indflGabhd t he sensing device are an

I nt egral conpongnt a b@@ m_of . anothe variati on_of the
nmedi cal treat m%ﬁ& 35&1&%@?&% B © g%@%ﬁq]&ﬁ' éﬁ’&?ﬁl Fpematieallya) ity
of medi calini@at;ment devices; 15 FIG 23 is a bl ock di agram of anot her
variation of the nedical treatnent adm nistration systemof FIG 22,

i ncluding a pr ﬁ@s@ #ra hlgek %\awla Pﬁthetﬂ}ecsﬂmﬁ@@mwentsméﬁxermm n@mp @éEIG and,

3;
15 FIG. 5 is a flowchart of the overall operation of the infasion pump;
FIG. 6 illustrates a number of data-recording steps performed during the operanon of
the infusion pump;
"FIG. 7 is a representation of a portion of the memory of the infusion pump;
FIG. 8 is a flowchart of a store data routine which can be used to store data relating
20. to the operation of the infusion pump and data relating to the condition of a patient;

FIG. 9 is a flowchart'of a routine which may be used to identify the type of infusion
purﬁp to which the remote monitor/controller is coupled;
- FIG. 10 is a flowchart of a mode select routine of the remote monitor/controller;
FIGS. 11A-11B illustrate portions of visual d1sp1ays generated by the remote
25 -monitor/controller;
_ FIG. 12 is a flowchart of a command pump routine that is performed by the remote
~ monitor/coniroller;
FIG. 13 is a flowchart of a receive routine that is performed by the infusion pump;
FIG. 14 is a flowchart of a transmit routine that is performed by the infusion pump; -
| 30 . . FIG.15is an illustration of a graphical user menu that may be displayed by the
' remote monitor/controller; - | _ |
FIG. 16 is a block diagram of a medical treatment administration system of the

present invention;




K

FIG 24 is a block diagramof one type of a control al gorithf6i008he
present invention. 20 Detail ed Description of Preferred Enbodinent FIG 1
il1ustrates one enbodi nent of an apparatus 10 for adm ni stering nedi cal
~treatnent_to a patient. Referring to FIG 1, the apparatus 10 includes a
progr ammaBP#0Ma: cal treatnment neang in the form of an PENUSH2E80pUNp 12,
which is connected to a liquid 25 nedicant injection device in the form of
~a catheter 14 via a liquid conduit schematically shown as 16. The

‘apparatus 10 ipcludes a renpte nonitor/controller 20 which is disposed at a -
~ room | ocati on ¥&dt'ds # plosk drgrappfn vasietien ofthe medicaldteatrhent adbinistetiopunp 12
- 1s |l ocat edx ts ' [ Ll er 20 could be disposed in a

di fferenfgrStgiglrﬁ'n&oF tf@’lggﬂngﬂgﬁeﬁdéig%ﬁt{o whi ch the punp 12 i's di sposed, or
in a differentFlokilBds mblothdngratneofanethenvadation of e nRuikRl ileatmégy di sposed. The
renpte no iL.o.rércontroJiel eréﬁg i’(ﬁ_c{gnr_\ect ed to a conventional voice/data
modem 22 RPEMSIHIGLSYeRMOTEC. L indludingwhersthexantrollgréva eomprsnieaf theo a
t el gphonengficatidavide; voi ce |ink 28. The infusion punp 12 is connected to a
conventional voice/data nodem 30 3 July 2006 WO 03/059422 7 PCT/ US02/ 38901
via a data |i ilG329 ismblockdiagrenierhadhersvatiatioect thelmedical tieateplione 34 via a

~voice li ' 22 0 are,intercgonnected to bidirectional
- voi ce an&%ﬁ“%%%%@a%-ﬁ,g@}m%gfqe%ngqlweg;&_ whi ch coul d be a
tel ephone | i nefIGH 90 isatoal dlagrithGf agothér variRiGFdt tHi ABERN bk € ectronics.

of the renote nonitor/controller 20 5 shown schematically Tn FIG 1.
Ref er r i ngdEBnigirationsystemof FiGok6e ingbdingor vasistit ofckhsing ®Rice;ncl udes a ol

i : ' .ead- Ve 62,. d
P Oy 16Nt ibiodk. GEBela 0P o R VR dn M el rhiegt” o ar ¢
i nt er conmdmimstration sgsteraad FEG i6dinkhdhigswifBe thbhentilRE R @6 “s‘éégfg £0ichas a

transmt buffer éXlVIIT 70 for transmtting data bytes and™a receive
buf f er -( BREJCESL ¢UPGIEe; i ng data bytes. The renote 10 ronitor/control | er

20 has a keybgastaai aGRsHREE: Jelrcuit 66 via a ljne 76, a
di spl ay device 78, such as %%?%%ﬁ%&@ntogﬁeh%ﬁ?%KS?WH%t 66 via a
line 80, adménisirationgystem ¢8FIG: d6, inclutings: phiralityest nedithCrrdiueR d@dicessonnect ed to

the.1/0 circui via.a, line 84, The renpte nonitor/conttoller 20 can
al g% i ncl ude g%%'ﬁgjrlsﬁg)}%ké#@%f’f %‘5’5’,‘“ YfHonof thermgdicalj frenment i ve or a
f1oppy diadiindsiasien sjsertrb3IG3 28 Sindlulin@ A lprddeSitir &r a9 ﬁ—f.ﬁtyl%, | pe
i nfusion pynp 12 shown schematicallg iprr1 F Gr 1r.a Refe r?%eﬁﬁg}tﬁe%éé% t he
punp 12 Aedcesnaldiput device in the form of

FIG. 24 is a block diagram of one type of a control algorithm of the present

invention.

20

Detaﬂed Description of Preferred Bmbodiment

- FIG. 1 illustrates one embodirment of an apparatus 10 for administering medical
treatment to a patient. Referring to FIG. 1, the apparatus 10 includes a programmable
medical treatment means in the form of an infusion pump 12, which is connected to a liquid

235 medicant injection device in the form of a catheter 14 via a liquid conduit schematically
' shown as 16.

The'apparatus 10 includes a remote monitor/controller 20 which is disposed at a
room location remote from the room location at which the infusion pump 12 is located. The
remote monitor/controller 20 could be disposed in a different room of the same building in

30 - which the pump 12 is disposed, or in a differeﬁt building than the one in which the pump 12
is disposed. The remote monitor/controller 20 is connected to a conventional voice/data
modem 22 via a data link 24, and the modem 22 is also connected to a telephone 26 via a

voice link 28. The infusion pump 12 is connected to a conventional voice/data modem 30




" a keypad 90 via which a user may input data and commands anddW Z#08p| ay 92
for displaying textual nessages to the user. A block diagram of the

el ectronics of the infusion punp 12 is showmn in FIG 4. 20 Referring to
FIG 4, the punp 12 includes a controller 100, an electrically programrable
read- onl y wem5a642EPROM 102 having a7uilt-in 1/0 interf aceudddAsg a

nonvol atile RAM 104, a real-tinme clock 106 and the display 92, all of
which are interconnected by a conmunications bus 108. The display 92 has a
backlight 110 which is selectively activated by an enabl e signal generated
on a |ine #i2 datlaka3asths rpdenS0docsnmedtéeio aiBiRpiand 3uhe 2foilasid jaithe 110.
Both the RAM 104 and the real -tine clock 106 are connected to a battery 114
“whi ch suppi¥&@o 2, 80 aperjgiereonnsrtgd o bisireatinnal vaicepmd shatarcommpmigetion TiAe
controller s A RS, %Fﬁg ' buffer 118

connect ed %%Iﬁtgﬁ%é%no%%%éﬁ%%g%ygs%% eﬁ%%ﬁr%g%élr% 100 controls the
medi cant i nf usi Bi$3. 1245 e blogk dingraamlofthe blgcttanius Dfttetremgteanondioitsndolled Zpnal to an

GrTves o piteiishemaially Bilic o Refitfe lSrl pofe R oR oM eontoies 205 hown)
adapt ed t OingRiges a GHbFIGEcsHrt 69%&5@%?%%?@”)@2%&% s{ FIG 1)

connected to the catheter 14. The controller recelves periodic inputs
from a shafemerc@ady) f4End ge fpyroutpg (VONwikgit G6sallipEwhisk dredutetchanested by of

t he not or 4.2 T . , e.& 1L WO- ph 3 J " WD

03/ 059422 é’?ﬁ@ﬁsgﬁﬁgﬁ’ﬁgggiﬁ{ﬁo‘@?‘% @éﬁ?ﬁ?@*%ﬁ@@ﬁ@?ﬁ»ﬁ%ﬁ%ﬁﬁ?@& two signal
out puts t otrhismittiagidalblyes ad@recdive bufi@t(RECP MR tor sRBGOdatd BRedTThOferbgd and
its direction of rotatign are deternm ned bythe controller 100 based upon

the rBte ameuitprcoptrpllar Z0ingsa keshoprdi Reennected to the 147 giFmmit G6utipaling 76The SE
encoder 138 had) t ' 3 109, . C I 100 via a
Fine 5 120 PR SRR ot/ AT, oBmdcdaty BR3Pl i BIFERMR {0
gener at ed, devwie, suvh as enelecirdnic md@® 82¢c compentabiotthel/Aairudit 6 eiiatline 184 0fhet he

notor shaft with its, desir ositio and transnts a new control
signal, sul§PoE™ “%‘Hf"sa‘-%@}ea?ﬂ cﬁ%%ﬁﬂ %"E@ﬂe g’?eg‘ﬁé‘ll",m'agl‘fiﬁysamﬂ‘iaf paprdfsk v g
the |ine 1312%51—@@1@51@1(@&&& the actual speed of the notor 124 corresponds
to the notor speed required for the desired nedicant infusion rate. The
i ntertfupts caus@@-Bys & Fenisiew ehens emmdimang ofibe infunien monp 12 shownhi ghest

[ ity 3 ) [ ' | bef . ~ot.h
Pt ons ar k@i D B PR, RERRAREH16 2 MBI o HaY o BEUPASHAR BB o 1 1o
f eat ur es nakeyped 60 vinewhibiea esen maytimuh d4ts end etingtdnds st 4 displagod ﬂiﬂdﬁ%‘ﬁi'agﬁgp at ent

appl i catiotns aleach of ich is incorporated herein by reference: Ser.
No. 08/ 399t XAl mespges QMEUSH. 1995 entitled "I nfusion Pump Having

A block diagram of the electronics of the infusion pump 12 is shown in FIG. 4.

20  Referring to FIG. 4, the pump 12 includes a controller 100, an elecirically programmable
read-only memory (EPROM) 102 having a built-in /O interface 1024, a nonvolatile RAM
104, a real-time clock 106 and the display 92, all of which are interconnected by a
communications bus 108. The display 92 has a backlight 110 which is selectively activated
- by an enable signal generated on a line 112 interconnecting the controller 100 an;l the
25 backlight 110. Both the RAM 104 and the real-time clock 106 are connected to a battery 114 |
‘which supplies power to them only in the absence of system power. The controller 100 has a
transmit buffer 116 and a receive buffer 118 connected to the communications bus 108.
The controller 100 controls the medicant infusion rate by periodically transmitting a
control signal to an amplifier circuit 120 via- a line 122 to drive a pump motor 124 which
_ 30 - drives a pumping mechanism 126, such as a rotary pump wheel (not shown) adapted to make
contact with a portion of the liquid conduit 16 (FIG. 1) connected to the catheter 14,
The controller 100 receives periodic inputs from a shaft encoder (SE) sensor 130,

which is disposed on the shaft of the motor 124, The SE sensor 130 may be a two-phase




15 Power Saving Mbdes' ; U.S. Ser. No. 08/398,977, filed Maduv@004d9s5 °
~entitled "Infusion Punp Wth Selective Backlight"; U 'S. Ser. No.
08/ 398,980, filed Mar. 6,1995, entitled "Infusion Punp Wth Different
‘Operating W'SM ). S. Ser. No. 08/398,886, filed Mar. 6, 1995 entitled
"Cassette For “An Ihfusion Punp; U.S. &er. No. 08/ 399, 183, PETISM/I M. 6,
1995, entitled "Infusion Punp Wth Dual -Latching Mechanisni; U S. Ser. No.
.- 08/398,887, 20 filed Mar. 6, 1995, entitled "Infusion Punp Wth Histori cal
‘Data Recor g} sendf) ' .t he infusion punp 12 is controlled by a
conput er .progra?ﬁnst reg h --Hgﬁg%gﬁi%&%vﬁﬁlﬁnér?&@%eﬂ!eé@ﬂ§9ﬂttrlil@0-dﬂm rol | er
100. A f| owidtienal speei ofithé metop 124 ald its BRSAEE bR, bl Lef ko FIG 5.
Ref erring {9 FhG'%; when the punp 12 is turne 'gﬁ?}egé?e&@ﬁgg%gfthe punp
is initial 2B PVDasedypon the mais and phase pelatioriship tietweer teciwdRnalliRpisMD 12
-may 25 be tur netheddit eARHROIB HatiNd; | N Lnfusion, in which case the punp
12 may continue the % nf usi g#eg%dég&ﬂrlyté&igg%}ﬁb‘ﬁégnﬂé&mﬁﬁ@%mYlb@dinbel ow.
- At stlep 20182. Bechtirae theisignals pre lemminitiedgan MedrPEis @bndrhadliagla iR c\?ﬁ&g@ru@@d by
- the punp %m@@yes idj nal..ti&e remaining for am infusion, WhicC | d be
t he case wheré th ‘"‘p&?f’*gp%‘g% THsoRgtor Eaft withiteldesired positiong ahtransiniis baBw t he
progr am breangblaggrial) saéied ARfse-Was! & _ i sked.. via. a nessage
-di spl ayed on the 30 display 92, -V\heﬁdg%e%j%gﬁ%@ﬁeoﬂgp%ﬁ@‘Hﬁ"ﬂ?ﬂ&ﬂ]@%e
resumed. 1% “REe thakthe apelepecd)of the(motar 1 2ecortesyans (B} mo&&@,{,&gqgé%@it}&anc hes
' ' [ t o be

to a readyyd s 210, 11 .t revious infusion is no résunmed,
t he program %rsgﬁ((i:] €s Iﬁé@%‘ﬁ“%%ﬁ%}fwt?m%@QSBESQRBZQI@@SHSEM&/ 38901
The 1onf usitothefighestRiding scthhOhi&Ort rdp6iRIet | er._may be prevented
from pr o%%ngi IQ[getthe i nf usi on par aé}r’ét e?s@%ﬁagég%%gv YfEeE gptioppare

i nfused of*FA&Y R @ngpller 190ysi on. For exanple, the punp 12 could be
programmed by ahaBgineaby | deliver a,  particular infusion having
a particular fl O\jv!Bprgf |b| g?é*;%@ve@%g%@e% PEheestabod derei, wdich ara\f t er 5

pr ogr anmi Aigcloprat injthe fodlowimg ateat applicativns 288k 6 FRkh &Q%cﬂ%d%%t% ger lﬁfpyg? m L "

| ockout J I t_the patient from

i nfusi onngéggrg?mcgf rg%eW%ﬂé@%@] filgdk Mar, 6, Wpemﬂlequmfeﬂhﬁug y

pl aeed i nPbwekSuvingMdges”{ 18, S4rOK5: .l € to. the ready-to-run
step 210, byp '_si'ngm all pr ogﬁﬁl&ﬁ?’%@g@hﬁ%ﬁ‘i@%@%&ﬁnwﬁt hafugighp is not
in | ockou g@,ﬂ? Sa@qﬂp@gﬁﬁmhﬁ’sék&ﬁes Noo 08/398,980, 4ilecBMtar. 6019981 &llaRg! Nt the

program p¢ FryseAl he di splay, 92, 1o input whet her t he pati ent

shoul d. be lg{ﬂlg{g%e o%@%ra%ﬁ‘%erwaﬁ%i ;ﬁ-st P NoR&3886, filnd Murcs). | f

the punp 195nettitled “Casseis Beranmmidia, Pins [P?.%ﬁ'ﬁ?{h%ﬁ@&!}ﬁ? gﬁ%%%f%\,ﬁm wher e
y requesting ? '

e use ich

a | ockout qu ol erformed b
infusion }%ge%“i&??guﬁ“@@ Ygen Bthdeial-LatchingdVipabemising; U.8. Ser. No. 08/398,887,

20 - filed Mar. 6, 1995, entitled “Infusion Pump With Historical Data Recording,”

| The operation of the infusion pump 12 is controlled by a computer program stored in
- the EPROM 104 and executed by the controller 100. A flowchart 200 of the overall
operation is illustrated in F¥G. 5. Referring to FIG. 5, when the pump 12 is turned on, at step
202 th¢ pump is initialized and a test of the pump operation is: performed. The pump 12 may
25 - be turned off temporarily during an infusion, in which case the purnp 12 may continue the
 infusion when it is turned back on, as-described below. At step 204, if there is any remaining
.volume of liquid to be infused by the pump or any additional time remaining for an infusion,
which would be the case where the pump was temporarily turned off during an infusion, the
program branchgs to step 206, where the user is asked, via a message displayed on the
30 display 92, whether the previous infusion should be resumed. If the user answers yes (via the
keypad 90), the program brap_ches to aready-to-run step 210. If the previous infusion is not

to be resumed, the program branches to step 212,




be pfogrammabl e by the patient, the program bypasses step 23#1y2086The

i nfusion punp 12 has five basic nodes of infusion: 1) a continuous node in
~which the punp delivers a single volunme at a single rate; 2) an auto-ranp

- nmode in which the punp delivers liquid at a rate that gradually increases
to a'thres stays constant at_ the threshold rat en
gradual |y Qg%ggggés 3) an intermitte® mode in which theﬁgaﬁggﬁ%gtlvers

di screte liquid vol umes spaced over relatively long periods of tine, such
as a liquid 20 volume every three hours; 4) a custom node in which the punp
can be progra f te d ch 25
di-fferent tlngnggtloasg% qgf&syﬂ%ﬂﬁﬁjé%ﬁﬁioﬁﬁhg%ﬁhg]% Qgp%%%w¥ﬁ%3%
during whimbgiahenipg e infukibn pareineisc siches tefvohendrolbe sifasedfor taale@esi ¢ i n
-response to erl d|c re U%Fts b% t he patlent At step 218, the punp 12
gener at es @ 9 PERE 15 copigi ep@ﬁﬁ%mmmwme% 32’3}3‘?11%0 G@E’PP a|f

the user rs

yes” ﬁé‘ﬁﬁfeypa A B BRI profiy TR Snd Wilme G HRGR 2RRADTS,
cont |31uouspmgnmnlusg that infrsiomihd nipdicahassisket conld padedhd plgnlam'iucﬁmtmode i nf usi on
par anet er

th t | to b d,
bre A st WH TRy O BufeRf ot Bty S e eBSioh BatET Al oise P,
the user atmwm ' 190has badiChréGushy FlAEAITh RIcRBEHGSe | 1Be PoRPard BrnciRk 8R&1528 30

236 are gener aIIy the sane as steps 218 and 220, except that the usér may
be pronpt edie ready-terr o0, byprssingal m@ﬁpsdependl ng on whi ch of the

five possible i S: /059

PCT/ US02/ 38901 ‘%#@rﬂ?h{ef%%‘ F@tﬁ!“g‘?&gﬁ%ﬂ‘g‘t“ @l‘ﬁﬁr &?ﬂéﬁ?ﬁ‘ﬁ%ﬁ é%’%% 232,
or 2@B, thehioh (pginaﬂib pbdg@mbmmmmé h&r{ﬁﬁd&édsﬁlalylm @t@mmmeﬂthe@aﬁdae user
presses the "Run" the punp 12 enters the run node 260 and infuses the
patient wi$guld be; "’HGWBd toaupgramthe PP dyingdhe eibseduent inthon.Jf theipympipept to

par anet er &P e abler B8 prokfh Baon SR se 31K wigifa Rgle glchbe RpBitoea
remai ns i rbyttequesting theuisks t@ BPuiwhich infinsont iHoded' Shdmslbe bckedemx A theepanqiéﬁ mr m ned _,

at step22 Uont GEULLe an.alarm co tion, ‘an alarmis
reported a Ele b)(t eslfaélﬁntz pr?gra@ﬁgpﬁgqs&tegggkl S pressed t he

infugon is Stoﬂﬁﬂﬂfuaibnibﬁ:ﬁp 12 65 fivsBhsichfodes BPinfuiondi Y sSednBibudud enddeih key to
be pressed at step 268 or the on/off swtch to be turned off at step 270.

10 Summar i whigh therpmpsiehivars & pingle yelumsan asingleaate; 2) amwet%mm@m@detmm@h ﬁllzed |
| ock |
ost red | il e RS SlubBal ShAy i Red G RUTR e RGUARMRE,

turns -t he thu ﬂneshbfdrat‘émtdphemggmlmﬂyl decréases; Ghan pmrainehemedainl whittethe piuap ned i n
t he rrem)ry:li nﬁe é: assi stgnt woul d t enturét th
delivers dtscrete quid volumes spaced over refatively fong periods of time, such as a liquid

.—

20 volume every three hours; 4) a custom mode in which the pump can be programmed to
deliver a unique infusion rate dufjrtg each of 25 different time periods; and 5) a pain-
controlied analgesic (PCA) mode during which the pump will periodically infuse boluses of
analgesic in response to periodic requests by the patlent '

At step 218, the pump 12 generates on the display 92 the prompt “Contmuous‘?” 10

25 . theuser. If the user desires to use the pump in its continuous mode, the user answers “yes”

- ‘via the keypad 90, and the program branches to step 220 at which the continuous mode is
programmed by the user by entering a number of infusion parameters, such as the desired
infusion rate, the volume to be infused, etc. At step 218, if the user does not want to use the
continuous mode, the user answers “No,” and the program branches to step 222. Steps 222—

30 236 are generally the same as steps 218 and 220, except that the user may be prompted for
' differeht infusion parameters, depending on which of the five possible infusion modes is
selected. -




punp back on, press the "No" key in response to the "Prograiu08®" pr dnpt
at step 214, 15 enter the lockout information at step 216, and then turn .
~the punp off again. Wen the patient subsequently turned on the punp to
: performtr%? i nfusion, the programwou%g proceed from step 212 directly to
the ready- Y8 M# %t ep 210, which woul d prevent the pati eRCTRISOUSOIt eri ng
the infusion paraneters. |If the | ockout node was not utilized, the nedical
assistant or the patient could turn 20 the punp on, programthe desired
I nf usi on m)de,ﬁgtgd then press_the "Run" key to start the infusion wthout

ever turning t A epiGSOBP eomgf PRfPOiFhoHeReAR24a P28, BBRrarta36 e plogrannf Usi on

punp 12 abfabRsis tle éady@oHfl Steh 10t ol ati| Ly 104-al |
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“whi ch' canewjersithg mn maser260vad iffomtheytionwitys LQAd 2ie8icHHSe ab@FdMal V?@lrls 25

| o \ el Poeitva Batrd RAGICHRAH abddh .
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- preseri begakimbugs aiervdat onsof sigpd 2200844 ‘Q@g,tﬁzﬁg f:’:IGGI‘heg%l#:{;%;@téé at espi ar i ous

steps at which infusion data is recorded that™are §" he
overal | pHege Spfvnitlitin Hold\keyde pesssad] gs deferfingd absteplP62. iUpor Sheitciidme of

orded ja. : 4.is. forth jin Table 1 bel ow. A nunb P
Cuant . whl LR oQRRiOH Ak RebSa™h spR OB ko i edioud v presed. col umn
of Tabl e the imfnsion isestoppbd ai step 268, and ha puind 10 s ?&qléeb#qu%ytt@rﬁ %&Fé.é rence of

each eventt i%#ls ed |§ the right-hand colum of T at 3
July 2006%€P 4% Adhop/oH syiclyls brIngwd pifat step RO/ US02/ 38901 whi ch t he

200 G0 SR ol S 1 R Mok
Power On Dapde, amepdidatessistantuans thé pep on,1R6@HRE S Hesi AR R Sncle at one of
steps 220, 224, 228, 232, 236, and then turns the puzp off. The programmed infusion
parameters will be retained in the memory 104. The medical assistant would thcn‘tum the
pump back on, press the “No” key in response to the “Programmable?” prompt at step 214,
15 enter the Jockout information at step 216, and then tur_n'the puinp off again. When the patient
subsgqut}nﬂy turned on the pump to perform the infusion, the program would proceed from
step 212 directly to the ready-to-run step 210, which would prevent the patient.froﬁl altering
the infusion parameters.
If the lockout mode was not utilized, the medical assistant or the patient could turn
20. | the pump on, program the desited infusion mode, and then press the “Run” key to start the
infusion without ever turning; the pump off. .
| - Durinﬁgr programming and operation, the infusion pump 12 automatically records in
the non-volatile memory 104 all signiﬁc_:ant infusion data to generate a complete historical
~ data record which can be later retrieved from the memory 104 and used for vaﬁous
25 purposes, including clinical purposes to aid in determining how effective a partiéular
infusion therapy was and treatment purposes to confirm that the prescribed infusion was - -
- actually delivered,
FIG. 6 illustrates various steps at which infusion data is recorded that ére performed
during the overall pump operation shown generally in FIG. 5. The infusion data recorded in
30 . - the memory 104 is set forth in Table 1 below. A number of events which trigger the storage
of data are listed in the left-hand column of Table 1, and the infusion data that is recorded

upon the occurrence of each event is listed in the right-hand coluran of Table 1. The fme at




~ Runl’nfusion parameters. See Table 2. Hol dTotal Vol ume | nfused88 art Ti me
of Restart Rate ChangesTotal Volunme |Infused, Rate, Volune Al arnsTot al

Vol une | nfused, Al arm Type | nfusion ConpleteTotal Vol une |nfused

Mal functionsTotal Volunme Infused, Malfunction Type Resunel nfusion

par armet er yo §aBoskabl € 2. Mai nt enance (Dat eDat e Patient | DRatissassobD Nurrber

Serial No. Serial Nunber Language ChangeNew Language Lockout Mbdes Locked Qut -

Pressure Sel ect New Pressure Setting Bol us Request G ven/ Not G ven, Bolus "
Amount TitrationNew Paraneters Power O fTinme of Power O f Version

No. Sof t warghiMefieiiffusividb@lis fBedrded, iwhichtio ddiadmigedbyathel rdal-BmeGlocki166) it figo power
to the infusion punp 12 is turned on, the date and tine of the power
tamon is ﬁt@e@ﬂeeammfwnﬁwgmﬂ% is conpletely progranmmed pursuant to one
of steps 220, 224, 228, 232, 236 (FIG 5) as determned at step 302, the

pr ogr amred 2 . time
of such  dtorage. The particul ar par Ia'I‘v&BbEsl that are stored depend upgln
programed.  Soveral_exBVAVL bt i nfusi o par anet BATA RECORIHR  oreq f oy
| -ggf QW?T -'?‘,c ngﬂ’g{:l IIQPfrkls :\fwr%m”ﬁgﬁsq oL, A% /r§-tf’r'15- ﬁ'%nlnrni Iﬁglugi if :S.S.t ALOKt ge
I nf usi on quirggr}{ﬂl ume To Be | nfused Del ay| (hfd¥®n parameters. See Table 2
Run ' | ' Infusion parameters. See Table 2.
Hold ' Total Volume Infused
10 Restart Time of Restart
Raie Changes ‘ Total Voluine Infused, Rate, Volume
Alarms . Total Volume Infused, Alarm Type
Infusion Complete : C Total Volume Infosed
Malfunctions __ Total Volume Infused, Malfunction Type -
.15_ Resume Infusion parameters. See Table 2.
Maintenance Date - Date
Patient ID Patient ID Number
Serial No. ‘ Serial Number -
Language Change . New Langunage
20 Lockout ) Modes Locked Out
Pressure Select - | New Pressure Setting
Bolus Request | | Given/Not Given, Bolus Amount
| Titcation New Parameters '
1 Power Off _ ‘ Time of Power Off
25 Version No. Software Version Number

Referring to Table 1 and FIG. 6, when the power to the infusion purﬁp 12 is turmed
on, the date and time of the power turn-on is recorded. When the pump is completely
| programmed pursuant to oné of steps 220, 224, 228, 232, 236 (FIG. 5) as determined at step - |
36 302, the programmed infusion parameters are stofed_at step 304, along with the time of such :

storage. The particular parameters that are stored depend upon which infusion mode was




Total Bag Vol une KVO Rate Auto- Ranpl nfusi on Mode | nfusion Fai¥288%une T6 Be
I nfused Del ay Time Total Bag Vol une Duration of Up-Ranp Duration of : _
Down- Ranp KVO Rate Intermittent|nfusion Mode Total I|nfusion Time Nunmber of
‘Doses Dose_Tj Dose Vol une KVO Rate 10 When the punp enters the run node
260 (FIG jo’f'gg *$éternined at step 306, the time at whi cBCTHEO¥SWInnde was
begun, along with the paraneters pursuant to which the infusion 1is :
performed, are stored at step 308. At step 310, if the hold key is pressed,:
then the tjine at c he was ressed along with the total

“vol une lnPff’% oﬁgff%a 9@?‘3‘6%%"%‘*@ fopeashed a opmpbgr st ep
312. The pﬂmmmoaémemuammmmwset%@&Wges such as changes caused
by 3 July 2006 WD 03/059422 13 PCTI US02/ 38901 swi t ching from a conti nuous
rate to akeep-vein-open (KVO rate, or in the intermittent node, changing

‘froma KV rate to a hi gher |nfu5|oanr 18 2the presence of which are
det ect ed 4 rew—rateandthe time at which the new rate

starsed armwsmmDEstep 316 5 At stmgﬁ;NlﬁAI@mthRrsns are
gener at edf~tte—ararmtype;,—thettre—=at t he

t ot al . vol pientinoused at the time of the JhﬁnsmnMceler ecor ded at step 32d. If
the infusjon is conpleted as deternined SUEp 322, theprogranmrbrandhes
to step 324 where - the tinme at which thég Iﬁ#ﬂﬁ%%@ﬁ’ was conpl.eted is stqred
along with 'the total volune infused. Al B éeﬁ %ZE T t er‘igere I's a

mal functipn, the malfunction type, the i Y c 10 _mal functidn
occurred,j and the total volune infused ﬁ}tbe]g}emtniGrre of the malfunctionjare

Total Bag Volume
KVO Rate
Auto-Ramp : Infttsion Mode

- | | | Infusion Rate
Volume To Be Infused

Delay Time

Total Bag Volume
Daration of Up-Ramp
Duration of Down-Ramp
KVO Rate

Intermittent _ Infusion Mode

Totat Infusion Time

| Number of Doses

Dose Time

Dose Volume

KVO Rate

10 When the pump enters the run mode 260 (FIG. 5) as determined at step 306, the time
at which the run mode was begun, along with the parameters pursuant to which the infusion
. is performed, are stored at step 308.
At step 310, if the hold key is pressed, then the time at which the hold key was
| pressed along with the total volurne infused at the 'tin:te the hold key was pressed are stored
15 at step 312. The pump also stores any infusion rate changes, such as changes caused by




recofded at step 328. At step 330, if the infusion is resurfelly@Ben the
punp is turned back on after having been turned off during an infusion),
- the tinme at which the infusion is resuned along with the infusion
paranmeters are stored at step 332. Upon the conpletion of the progranm ng
of ais | uence as determ at step 334 (i.e. p' 216 of -
FIG 5), ?ﬁ’k%?;losrgfgt whi ch the progr;h‘ra‘gmn ng of the Iockoﬁﬂv}gs f%(% leted is-
stored along with the infusion nodes that were |ocked out. At step 338,
upon the detection of a bolus request, the tine at whi ch the bol us was

requested # : I atlo wh=th r the bolus
ot ual e ZloRhfBuctdth o BB bl ik OBt b PRBEre o ¢ he
dat a or garmdaa, cmgmrg feorp @ KV @ ratofo atHﬁghdRAst’i&ﬂratd‘lﬂ'leir&Bncd dtfwisdioge dat a (the
dat a storgge?u%i ?’%Lﬁ‘ﬁs of FG(F I S. stored Referring to FIG 7, the
i nfusi on R4 §tFB & W refrARd the I%‘&W&%Stmaﬁmﬂﬁdﬂhy be
witten todgm®e nenory |ocations 372 ut| lizing a pointer 376 which

specifies the nenory |ocation at which data should be next stored. 25 FIG
8isa f|ow:har/tt%?dSrtf@nyaienmegmrmcbthemmaymmtimneatrmﬁﬂrmehtaﬁ@tlons

addr ess. ofPHEdt b8 B oroihe BhER A6 g oF e Al gl steorded G b i o0,

step 384, thé mt@ommmpreteaztedetanﬁhed RQtepasp, , BERfalh bidficHes & 5edyB data
may be stored, the routine branches toegte 386 where the ﬁnt%@hfé% set

to the addhedmeaswhich the infsiopavas complstedds aswed Alopg with tkatogal Nalymbmfsatedr ed. As
a 30 conse B fmeado h S ,0f | ocati ons
372 are perio |ca01ffﬂ§4r§§§rW| t{ﬂ%ﬁ1 ﬂlenﬁafﬁlglw%% %?/itr%&ﬁ%‘gnunber of
nenotly Ioaaalﬁmnhorﬁ&@urrsd and fhietotehtdlymé mfiged siahé hi@k of Méanafunsiipids of data,
for exanpl e %edﬁit 2’9 before being overwitten. At steps 388 and 390 the
data is st8ﬁ"é m)ry | ocation 372 specified by the pointer 376 (the

3 July 2006 V\omtege@ezimm% iﬁ@%@e&%@%&@tﬁm ¢4 RS b gw&&h

generated fromthe real -tinme clock 106 and eve ata speC|
parti cul arbephiugasddf dupbgtan infisias), the tnkeoyt whind thinfirsionfis mminad ﬂsngmmafel ous

Gescri bed Tvieh pE-RELREreRt: b2 TS BeRRiplion bf BswrestnaEsbomay be
usedist o ndockbof setpinmce ptedaémﬁm:dat stt-,ﬁl 834 @fetJﬁ‘teeﬁtepEI@oflﬁG 5%) the i & Anidhe
operatlon of the inf ug@&q@g&g 12, and/or to-transfer usi on data  -and

patient dO% OBRBMIDE vas &ﬁﬁp@@dﬁﬁtﬁmﬁﬂh@& @fnﬂldbft infusion twles that ewed
b heal f Th
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renote nonitor/controiler 20 i's I gne ace w types
of . bolus was requested is stored at step 340, along w:th an indication whether the bolus was

- actually given and the amount of the bolus.

20. FIG. 7 illustrates the data organization of a portion of the RAM 104 in which
infusion data (the data storeﬁﬂuring the steps of FIG. 6) is stored. Referring to FIG. 7, the
infusion data is stored in 2 number of memory locations 372. Data may be written to the
memory locat_ions 372 utilizing a pointer 376 which specifies the memory location at w}tich
data should be next stored,

25 - FIG. 8 is a flowchart of a routine 380 for storing data in the memory locations 372,
Referring to FIG. 8, at step 382 the pointer 376 is set to the address of the next memory

- location 372 in which data is to be stored. At step 384, if the pointer 376 is at the last
memory location in which data may be stored, the routine branches to step 386 where the
pointer is set to the address of the first memory location in which data may be stored. As a
30 ~ consequence of steps 384, 386, the contents of the memory locations 372 are periodically
~ overwritten with new data; however, the number of memory locations 372 is sufficiently
large so that several months of data, for example,‘ is stored before being overwritten. At steps

388 and 390 the data is stored in the memory location 372 specified by the pointer 376 (the




10 i nfusi on punps. In order to determ ne which type of infusEPunp the
renote nonitor/controller 20 is operatively coupled, a punp identification
- routine 400 performed after the comunication |link between the renote-
nmonitor/controller 20 and the infusion punp 12 is established. Referring
to FIG 9,Wa3819é1 402 the renote nori4 or/controller 20 RATAISSZE®H& a punp
~identification (1D) request to the infusion punp 12 via the comuni cation

- 15 1ink 38. In response to the punp ID request, the punp 12 transmts a
‘multi-character ID code back to the renote nonitor/controller 20. The ID
code may daia im:heies ammmmgmrm@ommemmo&lﬂér@dwmﬂathypacgfymge punp
nodel and or more ¢ aracters identifying the software version of -
t he punp. E’:.r OTﬁ‘ée enote nonitor/ controller 20 reads the

characters senmds @rrn@ had DO AR flofvdhRritd bf valibusdatiRG !B JrpRiorBEEd 3)’1@ as
~determ ned at step 406 20, or until_ a predeternmned tine perio five

seconds, @Dm@@mtqﬂf@ﬂff pHer 20eAs describag in anoreldetail htlnedthlwelaot@ i mer (n ot
showg) . %nft&%&lgog&rﬁotrﬂﬂ GARES fg Jjn&{lg% Q}e%raggﬁ of er’ir‘i‘fuélﬁﬁ‘éu@ o gharacters

have™ been recei ve exanp oné or t?natlon

char act er sont®ltie @eraaoﬁ of meaaqesmzepump\ 12, had/at tefansfeRinfligibn daeshdpationt
i ne- feed chara GLF>. 25 Step 408 determn nes whether a correct

r esponse -f@f2 fpEL P\‘/‘B?HSI?IFB‘FHJI’ Fa%%@ﬁ‘gﬁ“i@ data g berenigyred by adedlthiared checki ng
t he char aﬁfo?ésﬁoﬁﬁ%?h‘f&ﬁh&ﬁ%o%oﬁ aglgncfagal nst a list of possible ID

codes. a correct response was received, the routine branches to step 410
wher e the purrpThg/mmqtesmdmmrmmm 26 mrdemgaﬂtﬂoentetfycmﬁpéiﬁemgt types ofecei ved
purrpIDci)n(;IE W|tha ast one oglel de which identifies a
part?cul a sg‘/‘f?ep‘ﬁ?f’sr oF PRYP erematei ved punp 1D

code Wi t hyRnitsHdtroRér zaq§ §lbéi$tﬁfeiy[&oﬁﬁl€§,5a pxﬁﬁﬁﬂexﬁfﬁdﬁﬁb&fhuﬂh@'%ﬁ ﬂefrfoﬁﬁeda

particul ar type of infusion punp. used herei n, "type I nfusi on
punp may aﬁtttrlﬂm eonrgunipationdink beiieen ﬁe IOl mﬂmtpﬁeomﬂam andvthe mfusmnof t he

P\gtrrp rege;] %998 Y%gn%\lgg%%ngﬂr 88%21%%/4%?%81%??@%%0”? tF tn Zer\'AﬁZs

whet her t hmsnﬁedqﬁmymmxﬁchumfm(nppfeq@w 5ehs nfiesioryorif 2 hlamcdﬂﬁﬁumdhﬁﬂﬂ red
prior to receiving a terninatiqQn character. 1f so, the routine branches to

steps 414 liglds dn ggspense e thepumpdl requetethe PaERd 2dtrasmiss ¢ pulthehaRcteriRi | ure to
respond t g deGciPt We fé&otérﬂoﬁ%ﬁtrol% de r[gjt%d h{a iR ¥(R%x§1§]plé %?]19 onse

(not a correct response) was recelve i er expir
routine bommoleebatactesstidgntifflitg tBpepp mdls! d@éoronapr e chaseroridentifying the

e e Bl 5P b e A PR SO s RS A B 1 e
di spl ay 9ehdedctdrdsenpfom tﬁ@purﬁp 12 8@l cBaradters are received as determined at step 406
20 or until a predetermined time period, e.g. five seconds, elapses. The time period may be
determined by a timer (not sﬁown). The remoteé monitor/controller 20 may determine that all
characters have been received by, for example, identifying one or more termination
characters, such as a carriage-return character <CR> followed by a line-feed character
<LF>,
25 -  Step 408 determines whether a correct response was received from the pump 12,
| which may be determined checking the characters received from the pump 12 against a list
- of possible ID codes, If a correct response was received, the routine branches to step 410
where the pump type is determined, for example, by comparing the received pump ID code
with at least one possible ID code which identifies a particular type of infusion pump, or by
30 éomparing the received pump ID code with a number of possible ID codes, each of which
- identifies a particular type of infusion pump. As used herein, the “type” of infusion pump

may relate to the model of the pump or the software version of the pump.




10 first type of infusion punp may have a display capabl e oFJulti28pf ayi ng 12
characters, whereas a second type of infusion punp may have a display
capabl e of displaying 32 characters. Steps 416-426 determ ne the type of

i nfusi on punp based on the nunber of characters in the display. At step

- 416, the mwvwdgsoqmni torlcontroller 20(gransmts a punp dpspususmguest to
the 15 infusion punp 12 to request the punp 12 to transmt the content of
its display 92. At step 418, the renpte nonitor/controller 20 reads the

di splay characters transmtted fromthe- punp 12. At step 420, if a

pr edet er m ned Herdootcofespansewisant eceipakbal deterinfned by etepid08tdt Bigp 4ththeact er - i s
recei ved, the routine branches to step.422. At .step 422, if the

b edet or e PR bR RS glp e Retd PeaRar s e FmsF haso 1t he

recei pt ofxpreliQhith RebAVmE AMEraRlAbn chdte2 OO Uhd AR BUAORS 1d &ep%f]ﬁp 424
where an appropriate error nmessage is generated. At step 426, “the type of
punp i s -dethererdneagr pzeswge reentrated dudlortheopumii'shiluy te teaperst te e gungt IDhver e
recei.ved. e'l('lg trouti ne could also exit step 420 if a predeterm ned nunber of
~char &ct er § € received. In that case, where the renote nmonitor/controller
20 was desi gnedt kiep 402, 4f §ontcrypéd dflftespdiset(Wer adiokb@rrespbndey RAS rddbivedibafsiecOn

punps, one having a display capabi I.itgeépof 12 characters and anot her having

a di spl ay thedismasierpirsd. ghe roptmerhapnghesdp step fH6.13igps AdérdL@ corpprisedrseemdtvayiafer 20
recei ved . ' ] | woul dyi mgxedi at el
e abl o t AhliR the P oF Ainion A2 cBhkoly 17 kB GE mopliolf b B8P 31 1Y
32- char acwhichds byskd yn clsainitier ofichatfbtersrie thtdbsplayrti2t afthecpumiy 1. Fer exdthphd, h ows

R L T T M
i nfusi on datdnd bR dFiFuRB PP mbPhivas &@I@&Fﬁﬂt?ﬁbﬁcﬁéﬁl@%% 5DbHaBlcterd, and

viewi ng the data. The user may perform ané o ose functions by selecting
an oper at Stepaft16-A2f detenmipt the &epe ohindiséondiuegs begedien/the sumbern dficiBiradyrs of the he
renot e rm@géb@r/control ler 20 via the 3 July 2006 WD 03/059422 16

PCTI US02/ ¥ mouse 82 These modes include a conmand mode in which a

heal th care prat s8s4ofiahe RinoterBonitof/omin@I1EIA0 ttMRO N blidp BPlag PediBt td NS t
command signals to the infusjon pui[lrg 12 to, control its _operation,

noni¥Porin WP hA FCTRatasktng BFER 6 e trRRRILTEe canfent eldt Jisnian 14 At'ﬁtleﬁﬁs mt
the. contenig uf reldote MbRit/comtrolRt 8/zedds th@di‘sdgﬁy RS !}Eék‘nﬁiﬁécf dﬁ@ttﬁec-" ler 20,
d I ch ta r

a downl oad 5 data node I n wh I nfusi on IS transfterre om the punp
12 to thepwspd2eAt mpﬂmaif/acmedetemﬂned paind aittisnechas Blapsedar i aredwinitingwhi ch t he
_ |mn)1;] :Jts Io(r)/n c %&:&%ﬁ%p%%‘é&,%r%a%‘e brgnr%ﬁesdtlo Ssi%lp?ﬁ?jgt S?Jp zfzﬁ,e if rtheerrp?}ecﬁetetmm' ed time
period measured by the timer elapsed prior to the receipt of a terminating character, the

20 routine branches to step 424 where an appropriate error message is generated, At step 426,
the type of pump is determin&d based on the number of display characters that were
received. |

The routine couid also exit step 420 if a predetermined number of characters are
received. In that case, where the remote monitor/controller 20 was designed to interface with
25 - -two different types of infusion pumps, one having a display capability of 12 characters and
another having a display capability of 32 characters, if the remote monitor/controller 20
received more than 12 display characters at step 420, it would immediately be abIe'. to
determine that the pump type corresponded to a pump with a 32-character display capability.
The remote monitor/controller 20 allows four basic functions to be performed,

30 including controlling the infusion pump 12, fnonitor.ing the operation of the pump 12,
transferring infusion data from the pump 12 to the remote monitor/controller 20, and
viewihg the data. The user may perform one of those functions by selecting an operational

mode d_isplayed on the display device 78 (FIG. 2) of the remote monitor/controller 20 via the




"FIG 10 illustrates a flowhart 450 of the basic operation {43986 enpte

" monitor/controller 20. Referring to FIG 10, at step 452, if t he user

sel ected the command 10 node descri bed above, the routine branches to step
454 where _a display of the keypad 90 of the infusion punp 12 is shown on
‘the displé@oﬂﬁﬁgﬂg 78. The displ ay sq%mn at step 454 coRPEIUSex3830Ipl ural ity
of virtual entry keys having. a spatial configuration substantially the

sanme as the entry keys of the keypad 90 of the particul ar infusion punp
type which is __connected {o,the renote nonitor/controller 20. An exanpl e of
such a viZoue §; SEP%?F s SI5HidR 2 command mode imwhich pihealthotdreipiodessionaldt fbat t he

virtual  keyRedmshewWed ' _ .as .1 act ual keypad 90 of
the punp 12, 'Wh'igch isdngﬂg‘%/l\‘m%i n!@iagﬁn%@%g%%gﬁflg?ﬂ%oe@% 9‘blf"?mlt¥£§t%f t he
punp 12 iepnirebitnopsativie, h mwniteries médeyin iwhidhhthe ifidisBpurkey2 s Bbrtighallyhere a
differentm} %gﬁtﬁf Igurg) ﬂﬁ%"%@l é[ﬁiféﬁrent keypad 1s ‘attached to the renmote
 moni tor/ cONtrol TeFOERts Phig vi % fY ufodhe pagdiemopitoriionsplerd, odowilead |
di sl ay deavd £8dd B whieh SXa4H at® ' ' is shown in

FIG 1113 Various virtua qup%ﬁ%nﬁ‘ﬁ%?‘gﬁ%@%mb‘{ég%%d in the
menory of REHIOTICERBPIer F8nandar view date olode in ®hich drdhfugion deml misehddadwed on
confi gur at] ' ' cod ociated therewith. Since the

_ renote mﬁ%to?ﬁggrlsl?}r?o Igﬁgggnérxn@?f%?ﬁogera%gterm ned the type. of punp to

S which it was dGad0ditisiuions flbwcliaatisone efbalk Gpotlion S mEAAS retrieve from
‘nmenory and di S})| aa{ he corre,spondi'ng virtual keypad for that type of punp.
After t hdMAIHoFgan %@Bﬁ&qug% 8, at step 4A2,4f thh usariselepied fiesomamald My
confgr ol t - i thes: | ion n 2.by selecti ny of the

i rclal £ BGRB8y e fyle ttRh Vo RO sf Sugte aily ofide Roipedbenr d be
uti | i zed, theinfusiemspump 02isshewn on thekspldeeite 8. Phe BipHY MbwhGHE §epaget I vat ed

by radiatjon sensars.. The.infusion punp 12 responds to comman 30 entered
viaits f&%&&eseaoﬁ%‘lf %e Y cye heving é&)th.aﬁmnﬁg@rahemmb@tanﬁauy the

noni t or / Gamk aotHethtrdGeys AtthSkSPsa db ARG oMaNds, entered by the
heal th care prof esg?onztl are ??ansm&tttﬁggmﬂ?%a?@ﬁoﬁ ,spgﬂpep‘ﬁﬁﬁﬁisz, and at
steps 46@0BRREeAde the semots merity/carftrollbe2( Umexddplesfisidnstisa giiplay & HaGm' enot e
m)?istorlglggf(%\%lll er 20 and di splayed on the display device 78 of the renote
3 July 2 /059422 17 PCT/ US02/ 38901 nonitor/ controller 20. At step

464, 11 the udeshoold hemotdiaha arewanshi Reglfd shévin MG, 184 iDB0GHCS: fiack to step
e

452. At step, 465, | he health care professional selecte noni t or
ode, "t e ER VR D obi AUED (& vidyis sBTTMRHS. & (wiopidhsidbespial ke ofhe. punp
050, 3 S S ST b P Bl
pump having a different keypad is attached to the remote monitor/controller 20, that
20 | particular keypad is displayed on the display device 78. An example of a different virtnal
keypad is shown in FIG. 11B3 Various virtual keypad configurations may be stored in the
mcmb’ry of the remote monitor/controller 20, each virtual keypad configuration having a
pump type code associated thérewith. Since the remote monitor/controller 20 initially
determined the type of purnp to which it was attached (via the routine of FIG. 9), it can
25 .ret_rieve from memory and display the corresponding virtnal keypad for that type of pump.
After the virtual keypad is displayed, the health care professional may control the
operation of the infusion pump 12 by selecting any of the virtual keys with the mouse 82.

Other ways of selecting the keys could be utilized, such as a touch-sensitive screen or a

display screen activated by radiation sensors. The infusion puinp 12 responds to commands
3_0 entered via its keypad 90 and to commands génerated from the remote monitor/controller 20.

At _step.s 456 and 458, any commands entered by the health care professional are traﬁsmitted

to the iﬁfusion pump 12, and at steps 460 and 462, the display of the pump 12 is transferred

to the remote monitor/controller 20 and displayed on the display device 78 of the remote




moni tor/controller 20, and at step 468 those contents are di4#M2R9@d in the
visual display generated at step 466. At, step 469, if the user exits the
nonitor node, the routine branches back to step 452; otherw se, the

routine branches back to step 467 so that the contents of the punp display

92 are COR{H HhyY shown on the di sp{?y device 78 at stgppfbRistdohe di splay
92 10 of the 1 nfusion punp 12 changes I n accordance with the punp operation

so that the punp operation can be nonitored by view ng the display 92).
Step 467 may be acconplished, for exanple, by transmtting a punp display

request to the p 2, kv)a,st imlar.t stes 416- 4 descri bed :
above) . | R4 ﬁglg%l 8@ tsﬁc?ptféasg nars S &F Eéog’f; %‘8“‘& | oad data
fromthe Fb%ﬂéhés%a&k)tosl@zlm renote nonitor/control I er 20 as determ ned at
step 470, the routine branches to step 472 where the data transfer is

acconpl i shed, a4 sigp46piibthg hselffuiare profsviprad salested e mopitergnode; thegoutingf ¢ he
VA t
oot Pyl 830 bR L SAMPSEDofSL A BRHg S B BgupU T
vi ewad on deltiee U8. sdalseap 4Fyibe eontZis of tht pemp dixplpg 9Pare tramsfeared to the rentot20. The
_ t ot d I 450 478., Fl
T Ust £ 2t RORIHORUTIFT20, ERAE: S thge Coteph o SRBURLIR OE Hval e «
comrand ;%ﬁer&é&a SRPUB6S BB g:gﬁ%%tw uéeld efitsEhe ﬂagmtd?%@der ih@@oﬁﬂhe tddchek2, the

punp nd 1s transmtt fromthe rempte nonitor/controller 20 at step
480, and thacintotstep 452notheivise, fherputing branshesrbiaclstotstept46d so¢hrdthe contents of the

m o C ooy ot RortuBuely stod eRabE Satesr iR R b 38 FE By 2 Lo

ibhe chfiRGhRERn Foitp1Q cithgel & RehduieavithaRepuaplopdraidreidha 8ReAfidp and i f
the echo is not correct, an error nessage I s displayed to the health care

pr Ef ejvl Si gmpratlm caprhepnargtyred byeviewingghedi Sl%rStwmﬁ?r@?Ym aczomplished, fam i
oo o SRl Y 600 phho MG WiRedk o b 0% e hinfill B 0 e

schemat i cadll65420rde$:hb¢ﬂﬂﬁﬂe))f FIG 10 is acconplished via a recel ve

i nterrupt serwvi tine 500.and.a transmt .i.n ce roy i ne
550-t hat  are. pdf P B RIRESTOHRLPul < TS tq 9ovEptd Bhia FEI by DS bl nes
500, 15550 apEresit@onitbricbiibliet 30 a6@ktdithined a@ktbﬁltlﬂp%rm&%ﬁ&@é@%s 472

PCTI USOZ/ 38901 The receive routine 500 shown in FIG 13 is invoked upon the

gener at i orwhsie te dpta grapsfer is ﬁccmmp.hplnedbgs Wbp@hﬁowcnwmepmn Wi FIGSd3 1400 ve
|1 2 'é e(r) ][ Uﬂ}eﬂ: {(’::]1% r'f‘g% tst g %Hadfa ?e%]gest Q?&c[taﬁﬁrﬂéd;??gtgﬂ; }ﬁ’% I’tll% qﬁlpﬁ '5'%80%5%/,@eb”f fer

downl oad be&p&'?ﬁ@ﬂﬁﬁrﬂhta mresiondly tiowhlbadednt step 472 dau b vieveam the display device

78 of the remote monitor/controller 20. The user may exit the mode select routine 450 via

.

20 step 478.
| FIG. 12 illustrates one routine that could be used to implement the transxﬂit
coxﬁmand step 458 shown schcmética]ly in FIG. 10. Referring to FIG. 12, the pump
command is transmitted from the remote monitor/controller 20 at step 480, and then the
infusion pump 12 transmits to the remote monitor/controller 20 an echo of the commiand so
25 that the remote monitor/controller 20 knows that command was received properly by the
pump 21. The characters making up the echo are received at steps 482484, and if the echo is
not correct, an error message is displayed to the health care professional. At step 490, the
remote monitorlcontrollér 20 sends an acknowledgement of the echo to the pump 12.
The transfer of data from the infusion pump 12 to the remote monitor/controller 20
30 ‘shown schematlcally in step 468 of FIG 10 is ‘accomplished via a receive interrupt service
routine 500 and a transmit interrupt service routine 550 that are performed by the infusion
pump 12. Flowcharts of the routines 500, 550 are shown in FIGS. 13 and 14.




5 determined at step 466 of FIG 10), a data dunp flag is sedunZ90 ogic #1,"
“indicating that a data transfer or dunp fromthe punp 12 to the renote

~nonitor/controller 20 is in progress. The data transfer is perfornmed in a
‘segnent Edﬁﬁéﬂ&?ﬁ' Instead of sending all of the infusion data and patient
data stored I tH& RAM 104 to the rermg e nonitor/control PEFUSBNINIG single,
continuous stream the data is sent in segnented portions, each of which is
separated in tinme 10 fromits adjacent portions by a period of tine, e.qg.
.100 microsecongs. Referring StC@,, FIG 13, when the routine begins at step

502, a char act &P &eehiedouie S0Rshewmin G b is invaked uportheqenémtiotaf ar ecei ve

buffer 11&cefk ﬁa,?th ' ' tiye ning that a
data transfer is g?lr)e dyePEmB?%@gg}@gg%&{c ge ?%%?‘&%@%?%ﬁ%gl{i%szﬁeep
504, wher bagbrendeeivedintheftecajve iffeel 18 of thogimrolier 100efkd8 @id Aéhlle t er mi nati ng
t he data du o) ratd and an eryor nmessage is trapnsmtted to the
renote no O%P‘%%Oﬁ%ﬁ%r aao“é'{l@gd’a mandds fegt toghe infesion puremi2 (e dat a
dunpsoper dkteARintd MBLEPUEH SN0 ldta ARK :paj » ; | t,t ed
fromthe renmote noni tlg?/cont r ol I)er 20 top?ﬁégﬁi%n ug?%ﬁ %’u?r‘bcgﬁ%%gp%%ﬂgmdata
dunp f | agtwRsfensidug from thepvaen B toithrargmate momir/s0@iyolten 20 istintpropgesor BRc hes

to step 5 e ' r i.ved in.the receive buffer 118 is

checked t %_#ﬂg%frre{s %gﬁfgﬁﬁmﬂ@% %es ré{ﬁ %nﬁdgﬁﬁ]‘%?%%ﬁg SSREAtOL .tg"’r_ infysiqndatpot |

then the mmbipdtieat dutasohuin e BARII0433 hewbiab® thidifioRbitoli’s 36 paogi'ﬁg-i%to the
T

command. |f the nessage is a data dunp conmand, the routine brarichies to
‘step 512 ffpfinEoys stieam, the;datads pert By segmented pertipnsceach)ofjvehishels separdtétbinainke st

datggin t : . : e ansmtted to the renote -
rmniq?or/'cgﬁtar'ol |diér&é%%?£s -eaggglﬁ?lt?lﬁgeeégtlgbﬁ%sﬁc?% “is set 25 to logic
"1" since a neReftaing torfGs 13 whep drabithre Begind @pitan50m) a chirastbLdt rakbaget he dat a
byte specified. by the tran mt& Poi_nter 513-is retrieved,fromthe M 104,
and at st gﬂjgﬁ‘@ l{eﬁ‘éjusg’i?‘g?lt"ﬁiﬂ % tepoiee byifen d AR 1 Atstim0gy if thexdata dumpiflagis (e. g.
I ncr ement gélive! QefPhdthat G ; e b

clape A gl ST R Al in DErel e O B GpdBed g ¢

transmtted. At step 520, the data byte ret
in ASCI | ; 3¢ vdeegihs datadwmptilagrisset to logic &0, effectieleeatinahy ts datadugpep 524

the,30 re t I.s. transm.tted fromthe infusion pu transmt
buf flgr 11%%%%‘511 gg‘%r‘g?rgxéﬁga e B, S IEd o P omete suemitorFentiplienad atalepas. ‘Wien
the first50Thisdytiend ® prevent e tath G bperaisReHiikteetd kil oﬂmﬁﬁrna smi t
interrupt, Is gtener_a%&:g_ by, the con?frﬁgl er 100 to indi cgg_‘?lg;t&[ﬁ’a%t e '?ransm’t
buf fer 1184} &e apimitisd froptthe remole moniseytsentpgilon 20 oathe 2ufusion pamp 1502138901
anot her data bytg &/0d B34, erafi gn of . the transm:t
interrupt, the transmﬁtﬁptrﬂg%ti neéttgg%vﬁasg%g%# o?%egﬁd{eeplgpé%ﬁirﬂ%m}eé’rw S 14, at
step 552 ©repsiOftwherethetrhessapa it redeingd fnl thgracaive beffdeads id dheblai th! ag i s not

actiye, j I a data.d operatign.s not in progress, the routine
br a%aéhes n&%&??%p%g%e%grae‘f‘%cé%o dr étdﬁﬂﬁfs&teﬁ thergu %@?‘nqhﬁ?t ©rstappt .

510 where the pump 12 responds to the command,

' Ifthe message is a data dump command, the routine branches to step 512 where a
“transmit pointer 513 (see FIG. 7) is set to the oldest data in the RAM 104 that has not yet
be_en transmitted to the remote monitor/controller 20. At step 514, the data dump flag is set
25 to 1ogic “1” since a new data transfer operation is beginning. At step 516, the data byte
_specified by the transmit pointer 513 is retrieved from the RAM 104, and at step 518 the
| position of the transmit pointer 513 is updated (e.g. ihcremented) to point to the address of
the next data byte to be transmitted. At step 520, the data byte retrieved at stép 5161is
formatted in ASCII; at step 522 the transmit interrupt is enabled; and at step 524 the
30 reformatted data byte is transmitted from the infusion pump transmit buffer 116 to the
' remote monitor/controller 20 over the data link 38. |
'When the first data byte is sent out from the transmit buffer 1 16, a transmit interrupt
is generated by the controfler 100 to indicate that the transmit buffer 116 is empty and that




5 1f“the data dunp flag is active, then the routine branches/uy?08¢ ep 556,
where it determ nes whether all of the segnented portions of the infusion
. data have been transmtted. This may be acconplished, for exanple, by
determining if the transmt pointer 513 and the pointer 376 (FIG 7) are
pointing o bdiesane menory location. |If all the requestggrfghasdps been
sent, the routine branches to step 5582 where the transmt interrupt is

di sabl ed, and then to 10 step 560 where the data dunp flag is reset to
logic "0," effectively ending the data transfer operation..If not all the
dat a has hgsfhertdagnstetdn .r{moﬂ : P ' br anches
to step.-562 V\/rll:tgr-er?he: dg{éﬁsﬁigégpeci ??ee%éqg%h%ﬁ%ﬁtﬁggﬁi%ﬁ%&%hgg}e 513 is

r et ri evedtrhrsoni routine s pedormad. Refering 6aFith d 4pu siep 562 thefstanimeoftthadesari t

poi nter i o 4 he address .15.0 e, next data byte to be

transmtt ggﬂﬁgg : gsflc g%gge@g#ﬂiehﬁea%d%{@ 3591 % "°aripe B\?L?JIEBQ? dwipp gpefgBon 1§¥1°tf18r nat t ed

in ASCl |, prugebss tthSioufindbRndhes to Rdp0s ABIHeRsihe adufinb YdsBorids té fherbaiE: idt&ehptr om t he

i nfusi on Ef_unp trgnsm’t buffer 116 to the renote nonitor/controller 20 over
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the data [ithkdasdumpglag isacis, theniheroutipe brapthasiostend 56y where itcistarmises er 100

“to transf ' . ' 3 t e mnitar ntroller
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provi de t ired infusion rate. Consequently, the transfer of the
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an il ust ptap PR whereshadaipdnremflag s sesentoriogic MY efffeyively endiogsheatata themsfidi spl ay
25 device 78 t‘i’f the renote nonitor/controller 20. The health care

pr of essi oﬁ%ffmr%ﬂ'/ select particular data for transfer or viewing, via a

nunber of . di f f ookl fridaaEiae benstialifeRsd asiREmMte 8t #&) 556, BRFbitthe $afnBhest YPES
of data, etc. The ﬁarti.cul ar manner_in which particular data nmay be
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i nfusi on punmp 12, a control 3 July 2006 ' WD 031059422 20 PCTI US02/ 38901
al gori t hm 626 &b tnseni¢ipterppts gensrated biibe cenirodien]004n trapsferthe sagnened datapl ed
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devi ces, udi ng, but not
20 generated in response to input of the shaft encoder sensor 130, which is necessary to provide

the desired infusion rate. Cofxsequently, the transfer of the infusion data and patient data
does not interfere with the ability of the pump 12t provide the desired infusion rate, and
the data transfer can occur while the pump is infusing the patient with the medicant,
FIG. 15 is an illustration of a grai)hical user menu that may be shown on the display
25 device 78 of the remote monitor/controller 20, The health care professional may select
'p_articular_data for transfer or viewing, via a number of different parameters such as
“beginning date, ending date, types of data, etc, The parficular manner in which particular
data may be selected for transfer or viewing is not considered important to the invention,
Additionally, Figures 16-24 show a medical treatment administration system 610
30 tilizing a medical treatment delivery control to distribute the medical treatment based on’
~ the condition of the specific-patient and/or a change in the environment of the specific
patient. As shown in FIG. 16, one embodiment of the medical treatment administration

system 610 includes a medical device 612, which'may be an infusion pump 12, a control




to infusion punps, ventilators, insulin delivery devices, ahily98&t hesi‘a
deli very devices, however, one of ordinary skill in the art would

under stand that other nedical devices could 5 be utilized w thout departing
from the sgg ? ji the invention. Additionally, the nedical device 612 may
be progranmbl & &2 di scl osed above, arPfurther as under HTIFOHP%he of
ordinary skill in the art. In one enbodi nent, the infusion punp 12,
illustrated in FIG 3, is utilized as the medi cal device 612 for _
-admi ni st edlgtithin 4260supledBIALP t i ant the 10

medi cal gl ce 612 hagI a supgﬁylcgpdér‘rfelitﬁldggﬁng%“? ?Sli%g%eétﬂélheapaﬁﬁ%s for
del i veri nélgt Hdegpeficsd dedes ¢IRonagshroone)of acvatibly opdevien} inblh8ing)¥iithiot Bk f USi on

12, f t | | | dmedi t t d
PhE aur i SHEnSRR S hen R SRR o Ssﬁ&ﬁc%%ﬁimhe%@%‘é‘éﬁwii the

means f orhavedvey ene ngorﬂhﬁryrmﬂl ficthé e wokd tﬁﬂﬁx%taﬁd kaflYn e ﬁl@&gﬁtdeg{l 5 ¢ bﬁﬁ
often a hol ltﬁlfgé]fv | e or catheter, adapted to be connect R |ent

a condui t "t P‘r‘fg:leﬁ%'ﬁ%ﬁff’@dh@ geopp ef thie duiedtiom | Adiditiamllyethe eedical punpi ng

mechani sraefvgregqgm SARL t hr h the conduit and into the
patient via the I1Qui & IEI’IJ ect on gﬂgﬁge DR @ gﬂg@ﬁ‘ﬁsdﬁdémq"érbﬁ%ﬁﬁf ol ling
t he punpi®ginawckilhinghe aslowever, when ot her types of nedical devices are

o utilized, thej rredl ca % at,gg and the neans for delivering the treatmant'
Cwill likely VASYe Fbpmen d%@ﬂowﬂwptlﬁelﬂgmmdfmH(&e?dumamhnd\asﬂe For

exanpl e, medient cgﬁﬁié atie 1 ngul

d)él reery mechanfﬂg%é ggiiﬁggrs | 'rtlsu |a?§¥gﬁ@ﬁaé&nwetg§?ade gﬁlog Z[&P ﬁﬁgtﬂ;‘iﬁ‘esi a
devllr?ce Frfé%ql%éeﬁ%éﬂim egupply oﬁmemnﬂﬁmﬁﬁeul ﬁoﬁmﬂa%{)m%iﬁS&‘&tdeh??rﬁg nt.
each w n e enbodi nent I raeln
FIG 16, %%dg&ggﬁ ﬁoQ ﬁ% ﬂ@&’&ﬁ éﬁlge %?a’ethﬁmwpmlz dresupplyaifves

i nf or mat me:dufahomi 4 Biplid ARJRANG cal ndi n of
the 25 patlen,t 61ﬂgﬁlcfswlgqmunderstoo§é%§&%n£e%fug %ba Tb‘ﬁ&luﬂ ”%(e art,
su;:h p?y g}ﬁ %’g;“%wtnd%‘ﬁﬂ’i r}ft2| thpgmepnsyior daliverieg ﬂlbﬂttedmawomblutiﬁm ﬁ@%idi ttlbfﬂgl g
patient’ g r e. patient's bl oo
. pressure, i hg ﬁae'? ?éﬁ%b&s[ g%‘??éﬁl‘%mﬁt %flﬁ%&p% @%P”Pt{ﬂlhla COli*fhlitamol i sm

t héSpat i dwhing c@mlectadl tor thpliglid irqeaion@lewcé fafpuﬂip‘i hﬁnlgiﬁt r!gﬁn%ﬁlgﬁ t he
patt ent * Sionid3Rety ”gﬁgoqgh% @331553%4@@“%9 f)@tfetgt wah;eeﬂm ﬁ;«fmon devies, tud 2; o O
e et haatl 08 MBS Bb B O S kR o
medi cal devigeRare B &éledﬂh@ meﬂmlaidagmem bl the meiangforl @stivegngehe QMR $41 an | nput
oo o LSk 10 ol BBl Dt et Y
PCE0 US02 pB84des oxygen to the patxent,L an insulin delivery mechanism delivers insulin to the patient,
: - and an anesthesia device provides anesthesia gas or anesthesia medication to the patient,
each with the appropriate delivery means.
In the embodiment illustrated in FIG. 16, the sensor 616 is coupled to the patient 618
and receives information from the patient 18 conceming the physiological condition of the
25 patient 618, As is understood by one of ordinary skill in the art, such physzologlcal |
conditions may include, but are not limited to, the patient’s heart rate, the patient’s body
temperature, the patient’s blood pressure, the patlent’s activity level, the patient’s cellular
metabolism, the patient’s cellular prohferatmn, the patient’s metabolic demand, the patient’s
food intake, and the patieat’s SpO, level, etc. Such factors, as well as other factors known
30 by one of ordinary skill in the art, are understood to be triggering events for the distribution
- of medical treatment, and especially drug therapy, to individuals in the treatment of medical
conditions. Additionally, the Sensing device may comprise an input device for receiving a

manual input, The_manua} input may be provided by a health care provider or the patient.




- for continu

One exanpl e of the patient providing input for the sensing #&Wa086is where
the medical device 612 is a insulin delivery nechanism As such, the
patient may provide input to the sensor indicating the type of food
consuned by the patient. In one enbodinent, nmultiple sensors 616 are
conprised’ portable 5 nmultiparanetric physiol ogi cal W aold ot shown)
W@B?OS%% toring of certain2physical paranet ersgg?m%@gs%)gt i ent . ,
The nonitor has sensors 616, including: EKG el ectrodes, a chest expansion
sensor, an accel eroneter, a chest m crophone, a baronetric pressure
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contraction e patient's chest; accel eroneter which detects novenent
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egiyc
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EKG (el ectrocardi ogra .S an indication of th atient's heart activity,
as i s wel | OO 2 ‘W%fn%e@*?@fﬁ%‘ﬁe ﬁF&i“&YrPé.asgolgctW%/afﬁﬁ%mﬁs WBPFaE5 0422 22
8 Al 50,8 ShQunrwhidt densehfhe BRPSANIOihEBRYfaBCfhO YhtkiRes ElesR Batbink@id ptdsur®r | N

sensor which senses the ambient barometric pressure of the patient's environment; chest

expansion (ventilation) sensor which detects the tension on the chest strap as an indication of
the expansion and contraction of the patient's chest; accelerometer which detects movement
and inclination of the patient's body; ambient temperature sensor which senses the ambient
25 temperature of the patient's environment; microphone which detects sounds from within the
' patient's torso; underarn temperature sensor which senses the temperature of the side of the
patient's torso underneath the arm; and, EKG ¢lectrodes which detect electrical signals
caused by action of the heart muscle. The EKG electrodes are used in combination with
ground, or reference, electrodes, and are placed in contact with the skin of the patient's chest
30 to detect electrical signals generated by the pumping action of the patient's heart muscle. The
' EKG (electrocérdiogram) is an indication of the patient's heart activity, as is well knownin

the a field of medicine,




substitution of, sensor 616.- Sensor 617 obtains i nf or mat i ohJBOHEF ni ng‘ ‘the
~environnment of the patient 618. Typically, the sensors 616, 617
‘automatically obtain the signal concerning the physiological condition of

t he pati emtvoan@bapy t he condition of tt}«é envi ronnment, 5 res ectively,

wi t hout intervention fromthe patient “618. Depending on tRe/PHRE84t i on.
~required by the control algorithm626, multiple sensors 616,617 nay be
~utilized in series or in parallel (FIGS. 16, 19, 22 and 23). The sensors

- 616,617 may be devi ce, t.is capable of receiving a signal (i.e.,
‘i nformation), vﬁé‘%{ §‘ H&Q ﬁfna"rfk-“)?foqgﬂﬂm@l)rgudwlaﬁddltmngmwhn:oncern| ng
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than bei n&FRiEd b tha @nérahﬁsmhm 626hmuklplmnsmﬁﬁ.ﬁ 17 tayehe Witized BiLAES)r Wi th
t he cont rﬁéﬁ.‘rﬂkﬁ Sﬂl% f%%g%dﬁ ceived fromthe sensor 616,617 is

el ectrica tra erreH ~control algorithm626. As shown in FIGS.

17, 18 and 21, Thbsemontﬁiﬁjﬁlﬁhﬁ?bbhﬁ@ﬂ&@&tﬂﬂs%abl@o??éc&vﬂ{%a\tm&afﬁ troller

628 (al so,referred to as_a processor). Additionally, rc 20
the cBiferRation), Vﬁ@ﬁl@ﬁ&ymc?@ ipdipigppléntuch bs %Blgnaiedn@aimgl&tellmﬂvﬁﬁaas
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mor e sensprolifaatiom netabokic Hemartd, Sp0Llevid; e, p@d)aﬁéﬂadn M&vfr@ﬁh&ntﬁ%h&‘lhfﬂ or

atient can be determ ned invasively by nmeasuring

nmet abol i sgir,}:é‘gl e Cif‘ E’ﬁ

vari ous Ay as the, AmBIsRtIGmBe alee. ambientighi candition, sien Asrshewn (mFIGS. 19

concent r agid0, elickosehsdrse16,617 ﬁiﬁ)hn&ﬁdé%mﬁiot li’xﬂi?ed:tbe%b'l gﬁhwpﬁg% ’Eit hods
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may al so be avail abl e. For exanpl e, the rest-act ‘?ﬁdcycl e
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actiyity of tlonaII it has been found that the body

‘t enper at u%eSh%?ﬁa pa(?ledgthfaﬂ?r Sipaogmea épqrﬁtgcmngq)ﬂem ep$pat 01, ldtnanke s” heart
-rate dropistegred withitbe partiodlet 6185 at rest. Accordingly, such signals are

obt ai ned by t 617, and such information is 30 transferred

61
624 to the con e(ﬂlg"?ff &%FIIVF‘F?#P@’E@ f’reaﬁor&lééé%mqh@mqaﬁymmfmmcmd that the
control ajaafbidl @%6626?' s shb%FWFIQ% %f g'}ilh:% gi.ﬁe”t redi cal

treatnent, and further it is also inadi sy 8% P& hm 626
my be difpast @f;{he ¢antrodief $28(elso refarédantas a pmof)o rAddhftm&Bﬁ%s BRANCRIFIG.

tr ment | JuI 2006 03/,059422 23
eﬁ)t “18, Hofit e 63s may%e acot ponent of the medical device 612. Depending on the
spec1ﬁc medical treatment to*be admnnstered to the patient 618 the control algorithm 626

may request signals from one or more sensors 616,617, While it is understood that the rest-

| activity or metabolism cycle of a patient can be determined invasively by measuring various
- . elements including blood cell counts, plasma or serum concentration of cortisol, liver
25 enzyp;es, and creatine, other methods may also be available. For example, the rest-activity
or metabolism cycle of a patient can also be measured non-invasively by the vital sign or
act1v1ty of the patient. Additionally, it has been found that the body temperature of a patient
drops during the night, and that a patient’s heart rate drops when the patient is at rest,
- Accordingly, such signals are obtained by the sensors 61 6,617, and such information is
30 transferred 624 to the control algorithm 626 for processing. | _
' It is understood that the control algorithm 626 will likely be different for each
different medical treatment, and further it is also understood that the control algorithm 626

may be different for different patients, even for the same medical treatment. One example of




PCT/ US02/ 38901 a control algorithm 626 i.s shown in FIG 24.3MAdy26wn in
FIG 24, the control algorithm 626 is utilized to control the delivery of
nmedi cation to a patient as a function of the patient's 618 heart rate. In
‘this enbodi nent, the control algorithm 626 receives a signal of the
~patient's Weasbsoimt e fromone of t;bre% sensors 616. The copiiRkossRrithm 626
processes the 5 signal 630 by conp ng the signal wth the maxi nrum heart
rate. Ff the heart rate signal is |ess than the maxi num heart rate signal
the control algorithm devel ops a feed back control 632 to reduce the rate

of i nfusi arcoafroltdigoriting 636 drshpwiin B3, by, 2%shdvin HEGH2AHs ¢dis] ag&n% is not
| ess than the nmaxi num heart rate s‘;gtgnal the control al gorithm further

det er m ne$2ps yifized fagontpighe feldiernhof edicasion o EpAtisRicasadungtioniof dheipatientison
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conti nue |n usi on. tional proécessing eart e Signal is
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medical treatnent to the patient 618. 20. This is acconpli shed b
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control- Efaﬁfbaglmomubl@Zpsmuvrﬂedt{ostapﬂlbmfumompwllz or comuands to the

medi cal deV|ce 0:. del ] ve 36 dical trea nt. tot atient 618 or do

not del i ver Hecsanteotleqe i 635 teines b6 Elietoriolott okhiEPpers 400

control 6?&:&1 @s%mh&aﬁ@i alpOritia] 626%hd 8RGedultfn TRUbEA! confSRI3PRN 't may
na

al so provide a Si to the nedical device 612 indicating the amunt and

r at elsof tdeé%iPPF@nt maltiplepignals arpregeestadand sgeeived Bomaymuralitysif gensbrsmay i ncl ude
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medi cal t rpeagramnhd and atrdsmitaatfaeﬂback&bauoﬂm 1§meloin¢d: TrRdbaibhck doRaHIEIAN S May
be the sane, Ogre do e fferently, or each nedi cal_ device
612a, 612b "rPﬁV“‘dé‘F Pﬁ%‘?/tf %l f° ?J@ﬂk e pLthio qopwekarEeRlatedeliverypfitheent
618. Furt hﬁédlcaggeﬁ{ngﬁtgﬁg%uéﬂiﬁlfge 22, separate control .algorithns
626a 626b may be utilized for each medi cal devi ce 612a, 612b, 3 July 2006 '
20 This is accomplished by transferring 634 the feedback control 632 that was
developed by the control algerithm 626 to the medical device 610. The feedback control

632 provides the commands for operation of the medical device 610, The feedback control

632 typically provides one of two signals or commands to the medical device 610: deliver
636 medical treatment to the patient 618 or do not deliver 638 medical treatment to the
25 patient. If the feedback control 632 provides a signal to deliver 636 the medical treatment it
1nay also provide a signal to the medical device 612 indicating the amount and rate of
. treatment to provide to the patient 618. Such a signal may include increasing or decreasing
the rate of medication delivery.
As shown in FIG. 22, multiple medical devices 612a, 612b may be utilized to deliver
30 636 medical treatments to the patient 618. The specific medical treatments may be the same,
- and may merely be dosed differently, or each medical device 612a,612b may deliver 636 a
different medical treatment to the patient 618. Further, as also shown in FIG. 22, separate
control algorithms 6262,626b may be utilized for each medical device 612a,612b,




WO 03/ 059422 24 PCT/ US02/ 38901 respectively. The enbodi ment3 84y 380& 22 °
utilizes two distinct control algorithns 626a,626b, and numerous sensors
616a, 616b and 617. Sensors 616a, 617 transfer 624 signals to contro

- algoritrwquz i ch, depending on the treatnment to be delivered 636 to
the patien n%@ggﬂﬁay process 630 the g8ignals from one or PSFUSOBIBNIhe
sensors 616a,617 to 5 develop a resultant feedback control 632a. Sensor
616b transfers 624 ‘a signal to control algorithm 626b which |ikew se
processes 630 the signal and devel ops a resultant feedback control 632b.
Feedback kspectizelysTha embodisrent of FIGH22, futilists twediistiakt dﬂﬁ&bpﬂg&itﬁﬁst o control

~th del i 6 ' | t t t ti,ent 618, while feedback
cont rof - IB628 B0 Bhock! 1R BBk b0l fcvReers 816n G4 temkrtat the
del i very 6gfidls of comadi ﬂgbriﬂﬂm&&ﬁﬁicﬂ,@eﬁéﬁn&%ﬁﬁé@eﬁﬁ%ﬁe%fﬁ(}?}%&{%ﬁé%Sel oo

as shown i.n FI,GéZ ,_one control algorithm™®26 may contro _
medi cal dHAGPREENt§18may process 43§ Hiesiganls Srdinment: gr bofteofahasemsbrs SIGEITHGM 626 i S

utilized w ' S a,, . b and 7., Sensors 616a,
0165 and s B AnEEnPlos eccoRFESIS BARLAIRS PonTl 0F powmidotononh o,
dependi n,galgmmneﬁafabaﬂﬁalenkewmemacmasisse.ﬂ%i@ﬁﬁaﬁéuewﬁpé%&ﬁﬂn?f&%f&ﬁ, may -

process 630 tgg%%%l gkpalbs grom g.or nore of the sensors 616a, 616b and 617
to devel of” - rhsedback som 25 i st e fhedstimadticn] dades $12atto comtrebithac k
control 6gd&ery . ' i Js 23 to cf ol the

ol vory. eaner B ehmeeal fubuc ) P Pt SHEToBEa: P b i
control 6hgiseqond medicat devidecd 18k éerhtrobitii delivede §36beofadadicd Geathiemith &l t he

del jyvery _ ical treatnent to the sanme patient 618. Accordingly, .i n.
t hi QIZO egﬁi%gﬁaﬁé%{ﬁghe control algorithm626 for the first nedical device

612a i's the sabmnenRly, @ shodhaRFIG/TN 6Rfechol Borid %@%ﬂcgg&&:é@hﬂ%ﬁ;’hce

612b. Because the nedi cal treatnent apparatus

di f f er ent™eqigaldgiises 0k2a&1 A & this ambadiment odne zbupoolial donitlGa 626 & wtinay with v

nmodi fi ed e £AC i £ ng_tr ni. ther . Thuys, .as_shown
T F o, SRR sl 6 AR 0168 bl 817 Censbis el 15 S instr it sigming; v
and set tﬂoéhe:mmhnbﬂgmnhmﬁsewaicﬁ%peddiﬁ%m B8 MehfenPlodR delilifof 1o IRIE | NPUL
devjce 642 .. Ee coupl ed 6%@ the controller 628 or directly to the control
al gt 1 ¢ iR 18\RY Bracks 630 e SgnalfiTepsm pao s ree ofithy sbesonudibal GlbRnbUt , | t
may al so &g 16 iewile: Wl ead f _ tabase or networ Furt her,
as shown in tFI G Géde![déén (%gg%gcal ?gelﬁ%lé Cé@%@a@?@ ﬁ%‘ff{é’a co\ﬁﬁ f3%8evi ce
30 648 t Hepat & the Tinet madlinal dettosi (18a @4@nirol the deliveryl636al of i aBr&kRerithd OWS a

user, typj ordzed clinician to enter control comands 650 to
adj ust olr%‘g g%d%gﬁ r ﬁﬁ% g?egh%cﬁéé’%m?l%% f%ﬁ&nwsahecsspmulév_ paigal dyvice §12bde
al ter nat ecoatrtlaile deliviery 636b of ifedicalledahfiént kP theshfe PRANE 8] 8. A8 offingly, in this
20 embodiment the control algo?thm 626 for the first medical device 612a is the same contro]
algorithm 626 as for the second medical device 612b. |

Because the medical treatment apparatus 610 may be utilized with different treatment
therapies, the control algorithm 626 is generally modified or changed for each different
treatment therapy. Thus, as-shown in FIGS. 16 and 17, an input device 642 is generally

25 - provided to adjust and set the control parameters 644 of the control algorithm 626. The
' input déviqe 642 may be coupled to the controller 628 or directly to the control algorithm
1626, While the contro! algorithm 626 may be mannally input, it may also be dynamically
downloaded as from a database or network. '
_ - Further, as shown in FIG. 16, the medical device 612 may also have an input device
30 648 therefor. The input device 648 for the medical device 612 allows a user, typically an
authorized clinician to enter control commands 650 to adjust or set control parameters for
the medical device 612. In an alternate embodiment, '_the iput device for the medical device

612 is the same as the iniaut device for the controller/control algorithm.




612 is the same as the input device for the controller/cont?&llyZ0gorithm 3
July 2006 WD 03/ 059422 25 PCTI US02/ 38901 As shown in FIG 17, a renote -
controller 646 (i.e., a renote input device) may be provided for renotely
adjusting or setting the control paraneters of the control algorithm 26
and/ or corWp®sMIM2228. U S. Patent No,;5, 885,245, assignedcrasidssomassi gnee
of the present invention, discloses a renote controller, anong ot her
things, and is expressly incorporated herein by reference, and made a part
hereof. The renote controller 646 is disposed at a roomlocation (i.e. a

second | ocat i oms sheWRIEFIG. ) 4 lefofeRRrbIG b Qi Al reMBieG dt'&@vil?é?‘iiﬁajﬁde devi ce
612 is located (i.e., a first location). The renote controller 646 could be

di sposed PHPvideddpr regofsly adigeiingor sqtting e eentel prramatsr of thapirol dlgorithmi 26al

devi ce 612,k | i di i l;di 1 han t one_i.n which

t heI medi c?ﬂl wﬁe%}n?g’ﬁg%b' iﬁs?'gdil) A;%zgy é)dfj’fggﬁg%rq’tgrsr%%ﬂgh%&gg n%l‘ci"n%f: Iogﬁleé’ﬁeéel:ﬂs |
connect ed invention; dinckats mmeaiotemintella sdmongodiesnafngs, sidis axpslassty ihbm?mﬁ@ﬁ, and

t he d_e 652 is also co neﬁ?ed tQ a %e ephone 656@1%%46_ vQi ce link 658.
The fedi cFemfafelusresmidn) tFol. o1 TEBRIFERDIFEINA P4 i aoestah 2nodem 660
via adat odmh eaf6r(i.cadsbebAelocAREAT BRROrbR (rORBRAbEHoh %t @hi%ﬁﬁﬁ?{i)lé?ﬁ%l 664 via

a voice link 665. The two nodens 652, 660 are interconnected to

bi di'r ect i dedre 613 isdocated (Hewt afisblesatinng dthe gemete somtrallonbihionkd beodisgosekink5 668,
whi ch coul d..be | ephone li.ne.. for. .ex l.e, ditiopally, the renote
control | erdg *E“i%’*%ﬁé‘ﬁ Ogg"r?%ﬁlﬁia h%f@%%“@h@%&?ﬁwﬁewﬁ? ?st‘wﬂf’é‘?g OLR& an
internet, défferéntbitifiag danaheondiif Mhamihe MEAVAKvics 814 15 AspBcq, THYBmbROL €
controller 626 maé%ébe a server. Wiile the specific enbodi ments have been

i 11 U9t r at cantRlier 646 scopregted o AsogBtionshvaire/dats maders 657 vie@ datardink G5¢ andt

significa odleR i f pl kL O L ] nd the scope
of gpr ot ec'?llE GJoﬁré 'S g?\ %%%P%B%&B& ?%(laépg é%epé%g\?ae% k@xggél%ﬁ%}a%%%ﬁg ains. 3 P
Jul 'y 2006 de¥icd\G1DE 4@ tPCTovENRindReHde/ainodsan 6bGviaadatadink@G6A MBthe 1. A

renotely-controlled nedicatio elivery, system .conprising; a nedical
(oot it Tbs0RS oM bl BeRane 65 Minca el ok 0D Tt R g GSR 001 i ng
the nedi catd ifrdopntdi@l BdidiRBEonal WcdRA dad) coﬁﬁ%ﬁ@ﬁ vﬂ%vd.oﬁﬁnd%ﬁ;ﬁgpgn filsposed

ina first |location;, a control algorithmcoup to the nme devi ce;
15 668, which could be a telephone line, for example. - Additionally, the remote controller 646

may communicate with the control algorithm 626 via an internet, an intranet and a wireless
- network. Furthermore, the remote controller 626 may be a server.
‘While the specific embodiments have been illustrated and described, numerons
modifications come to mind without significantly departing from the spirit of the invention,

20 and the scope of protection is only limited by the écope of the accompanying Claims.,

-




a sensing device coupled to the control algorithm the sensty 98%i ce

sending a signal 10 to the control algorithm wherein the control

al gorithm processes the signal received from the sensing device and

- devel ops a.w&)q)ﬁﬂ%agéecontrol based on a result of processing the signal to
det er m ne wWhether“hedi cati on shoul d béédel i vered from t hePGRBS02E$91 r eat nent

~device to the patient, and providing the feedback control to the nedical
treatnment device to control the delivery of the nedical treatnment to the
patient; and, 15 a renote controller disposed at a second |ocation renote

fromthe first location, the renote MB| er having an input device to
control operation of the control algorithm 2. The renotely-controlled

medi cation-delivery systemof claim1, wherein the renote controller
comuni cat ¥hasistdiaimed isontrol al gorithmvia an internet. 3. The

renot el y-control | ed nedication delivery systemof claim1, wherein the' 20
renote controller comunicates with the control algorithmvia an intranet.
4. The renot el yicont AGkmelyIRm| | sl dn Vel claim 1, wherein
the renote control|er comuni ggtﬁ‘téqsﬁ\?\ndltg ﬁh({nh%hg%rztxf%ﬁ%%ﬁélg%@hm via a

wirel ess net wor fmedicalipratmenigevite/having 3 sipphtofmedioation amd dimeinsdoydetiyergm of

claim1, [ el .t : ntraller js a server. 25 6. The .
. renot el y- --\gg%ttﬁé(#ﬁa‘e]gﬁ rtr%g‘lg @g@_c?%%ﬁ)ed@ F@\?@%WM g‘?ﬁ“i?fheiﬂgéﬁﬂoied el lpcaging;
nedi cal treat nemtorteN alperithangupRaso & rhéfisss t&cdounp for adnministering a

- liquid nedicant to . the patient, the infusion punp having Tiquid injection
“device adapted ?¥nsREdsHiseequpledite theontrplalgasithm, the sanningidevice semdlitgadkigmal t he

i quig inj j ' ' i sm for unpi ng the |iquid

rod ot oo, o o0 WUTRL A BRI AoB Bl e Rioatitpabiad e o
30 devi ce, thasehsinglevireand teweldpe n féedbackoovnt6l Baseor {1yt eir ﬁﬁgﬁﬁ@i@ﬁi the
punp control)‘# r_.receiving.the feedback control to the nedical treathent
device to @ Femnet‘ﬁ?eeﬂ?fé AYonginopidbe deliviredirom themedipnl treatmembdgyieitent . 3

July 2006 #OpatEn® 284 plovidind ke 'fét#ﬁggc/k?t%% é\}ntgthe-rxﬂgcli%ag HRAG Y E’cér?t oL %1 the

medi cation_delivery systemof claiml, erern SEnat NG P

~conpri ses ¢eliverysdtheswogica dreetmentte thepdtient and) recei-ve information fromthe

pat i gnt concerrny tign of the patient, the

i nf ormati on bei .rllléglor(t:%go\?eh?%icﬁ&!pﬁggc L§$°§ﬁg;lqca§°%¢m?wa%m@ﬁmﬂb¢I.ed

- medi cat i onvetietd coatrvllaymyiaganinpat @dviseto cohed Spttatidiof (REERRAoL élgo |tal signs
noni tor. 9. The2 rem)llhel y-control |l ed nedi cati on delivery systém of claiml,

wherein the ¢ rémotely-controlled medication delivery system of claim 1, wherein the
remote controller communicates with the control algorithm via an internet.
3. The remotely-controlied medication delivery system of claim 1, wherein the °
20 remote controller communicates with the control algorithm via an intranet.
4, The remotely-controlled medication delivery system of clailh 1, wherein the

- remote controller communicates with the control algorithm via a wireless network.
5. The remotely-controlied medication delivery system of claim 1, wherein thé
remote controller is a server.

25 6. The remotely-controlled medication delivery system of claim 1, wherein the
medical treatment device comprises an infusion pump for administering a liquid medicant to
the patient, the infusion pump having liquid injection device adapted to be connected to the
patient, a conduit connected to the liquid injection device, a pumping mechanism for
pumping the liquid medicant through the conduit and into the patient via the liquid injection

30 device, and a pump controller for controlling the pumping mechanism, the pump controller
receiving the feedback control to the medical treatment device to conirol the delivery of the -
medical treatment to the patient, ' |




10 sensing device conprises a sensor that receives infornat3&ty208acerni ng
the patient's environnment. 10. The renotely-controlled nedication delivery
systemof claim9, wherein the sensor is a light sensor. 11. The

renmotel y-control |l ed nedication delivery systemof claim11, further

conpri si Ngwo od/odsapal i nput device couypl ed to the control piragbidsbey t he

| ocal input device being 15 |ocated i'n the first |ocation. 12. The :
renot el y-control |l ed nedication delivery systemof claim11, wherein the

| ocal input device has a plurality of entry keys disposed in a spati al
confi guration, and yiekeiond.BsFoRER kAR RL&Y shifsn 87 thitP) Wherdif e
_medi cation delivery systemfturther conprising a ans operatively coupl ed
to the di spimingfdeviceeomprises agersongouplal taiths phtiopt wireceiBOinfrirmatidn frgm éfe vi r t ual

entry :keys having a s ial configuration_. substantjial.ly the same as the
entry keysPyfent ﬁ‘gm?r&g%ﬁf’? ﬁﬁﬁfog%ﬁ}‘fagg@adti n OX%P&‘#}?@? e &Qfﬁﬁ%of‘zamﬁedi cation
delivery systveped o #8khatering a nedical treatnent to a patient froma
medi cal device capabl e of delivering the nedical treatnent, _conprising: 25
a sen§or recei vBng aTkd igmefely-gonieied edigatipardelivary syrsera of clainy 7.cdwrratthed t o
"the sensor__an ' ~device disposed at a location renote from

t he sensor ,SGWISIP%V%&IM ugg!(ledril%or' 30 obtains the signal, the control algorithm
processi ng the 9j gnaTheindtdhpdohiollied medienivardelivady sgkterm lobgainal, fvaediinthe
control adapted to control the delivery of the nedical .treatnent from the
medi cal devFnsEEdsVics EOTERIISE A Fenseihatfpcs s HipTatipR RoRCETiRg, e Pt 8 e has a
“means for bt i ng operation of the control algorithm 14. The

nmedi cati on deli1very systemof claim 13, further conprising a nmedical ..
devi @ae havi ng al@uppThe mmoiriyicomtolled madiostinn delivery system of £laim @levliersdn theg t he
medi cal treat rr.ené)igbo t he patient, the nedical device operatively coupled

to the conf¥SPTAPFEPI¥MA~ the 3 July 2006 ' WD 03/059422 28 PCTI US02/ 38901
control al gorithm copgd eotdlgcédiRle@ineNiRitionQkelivdif sydtsth 6fblaint EFhmmAt from

the nmedical device to the patient. 15. The nedication delivery system of
claim 13, fompa@ag:conpri-sing a l'ocal input device operatively connected to

e ool o hct Ohed G ARl 0 S
15 located in the first location. : '
S 12.  The remotely-controlled medicaﬁon'delivery system of claim 11, wherein the

local input device has a plurality of entry keys disposed in a spatial configuration, and
wherein the remote controller has display, the medication delivery system further
comprising a means operatively coupled to the display for generating a visual display of a

20 plurality of virtual entry keys having a spatial configuration substantially the same as the
entry keys of the local input:device. '

13, A remotely—contrb]lcd medication delivery system for delivering a medical
treatment to a patient from a medical device capable of delivering the medical treatment,
compri.sing: | '

25 . a sensor rcceiﬁng a signal, a control algorithm operatively connected to the sensor,
‘and a remote input device disposed at a location remote from the sensor, wherein the sensor
obtains the signal, the control algdrithm processing the signal obtained by the sensor and
develops a feedback control adapted to control the delivery of the medical treatment from
the medical device to the patient, and wherein the remote input device has a means for
30 manipulating operation of the control algorithm. ]
' 7 | 14. ' The medication delivery system of claim 13, further comprising a medical .
device having a supply of medical treatment and a means for delivering the medical

 treatment to the patient, the medical device operatively coupled to the control algorithm, the




IS

- 16. The .nedi cation delivery systemof claim 13, further compiuy0p® a
display connected to the renpote input device, the display providing a
vi sual readout of the control algorithm 17. The nedication delivery
system of gl.ai wherein the sens is 10 operatively coupled to the
patient aﬁﬁb?%@%%%%s i nformati on congérning t he physi ol ogh€HVS0Z@¥AlI ti on of
the patient. 18. A nedication delivery system conprising: a progranmabl e
medi cal device located at a first location for adm nistering a nedi cal

treatnent to.a,pati.ent. wherei e progra bl.e nmedi cal device has a neans
For a5 adnbhedt BEPHEDS rottREfi B 1ol SAhS e i aant B amediardeucn ¢ ne

programmbmhapgﬁe@gr _devi'ce has a first input device for entering control
comands for. the programmabl e nedical -device; a {ocal controller '
operatively conhect elh¢ Bedisatigndsdivemnsntiern ofrelding 43, forthar conuptisiag a looakihput

controller ' oo LI l,ocation and. having.a second | nput
devi ce for d%éeg%te %@%@%ﬁ%ﬁﬁ%éné%ﬁégmgﬁ%h@e ?%@h’lﬂpﬁtd?ﬁ : F’P@F"fﬁ“ig"u@el ocal
cont rol | er p@bess phainegers opihe abitved lalgotitimnect ed to the patient to receive, a .
signal fromthe, patient, whereip the local controller manipul ates

operation of th¥probreRastEon Ay sy pEdeimy by further spmprsiepndisplay er f or
controllin d RCHE 1SR todd [ r 'ng. . di.sposed at -
- a second Ig)crgltg?%n 'reml;te %E@r‘#? vécef @?ﬁs%@?%ﬁ%ﬁég?ﬁsh |I8%‘Fuﬂgf-t8?8ﬂﬁré" mbl e -
25 medi cal algenithme i s di sposed, said renote controller having neans to allow

a user at the congd | ocation control e local controller. 19. The
‘nedi cation deliVery Sﬁf?ﬂc’“é\tegﬁﬂ' iﬁ*@%ﬂé&%‘%l% et Bedensabist device s

a bajp codeopepanely codpled Th thePadémt ahd RReVE] inFiRfticy Sty 6 & icafnerein
patient i nf%r nmat iyon gnd_ BOrﬂﬁ}edi cal dgt a 1| S ent ercei%lew 'agttﬁ%ﬂygigé%ldp#mnput
devi ce. 21cortitienpétheqticalopar at us of claim 18, further conprising: a

di spl ay device, ;di sp s.f.0 enerating.a visual display of a virtual
“input device sluggst a“% Fé‘fr‘ri%‘ﬁg%%ﬁ&’r‘;&‘é%é{ﬁ‘&%&‘f‘ sé“%’d_ i nput device of said
programabl e nmediroglaninable MmedO4lGleviBe URNied 8t a fif3€lotAifR! BY adiBARRrig 95%;:110\5?' y
coupled to the di sgl ay device, and neans for allowi ng a user at the second

| ocat i on t®calRentiop paliend Whereip fie prog@ammablpinedioabdevicedws aimeanstor  to contr ol

t he eraty : ' | Cad ' £ O, he secaond | Qqcati on.
v et ridafiniglering o e A TIRMCR: ST Gifent i Whclel O DS AR motea ' ¢

- medi cat i ondediseihases first snput depiesr forlediyringumnto] conreandb feided OpR@ImbRRdEditgns of
t he pati e.n&e’vice'

a local controller operatively connected to the programmable medical device, the
local controller being disposed at the first location and having a second input device for
20 entering control commands for the local controller, the local controller also being
| operatively connected to the patient to receive, a signal from the patient, wherein the local
controller manipulates operation of the programmable medical device; and,
aremote controller for controlling the local controller, the remote controller being
disposed at a second location remote from the first location at which the..programmable
.25 medical device is disposed, said remote controller having means to allow a user at the |
-_secbnd location to control the local controller.
- 15, The medication delivery system of claim 18, wherein the second iﬁput device
is a bar code reader.
20.  The medication delivery system of claim 18, wherein patient information and
30 medical data is entered via the second input device.
21.  The medical apparatus of claim 18, further comprising;
a display device, display means for generatinig a visual display of a virtual input

_ device substantially corresponding to said input device of said programmable medical




conprising the steps of. providing a nedication delivery de¥{¥&2%%r ovi di ng
a local controller having a control algorithm providing a sensor;
providing a renote controller, the renote controller having an input
device; and, utilizing the sensor to obtain a signal concerning the
physi ol ogi cal condition of the patient, transferring the signal to the
controller, entering information contained in the signal in the control

al gorithm developing a result based on resulting data fromthe control

al gorithm devel opi ng feedback control Kased on the result fromthe control
al gorithm and manipulating the nmedication delivery device as appropriate
based on the feedback control. 23. A nethod of controlling a nedication
del i very dégYied therhspdaytiheans apethtiely enplidito therdjsplay devicgged egain/foone or nore
envi ronnment,gl

It , .Sl t te f: ovi di a,,edi cation
ol 1 very. qequiaR skl PR ccRRARCON skl i SAalimpu e s B A 2§80 Chn
provi di ng # smtrebthe operativnchfnile mrogranmiableaneticad Ubee frérh ehersecmiddoamiohr ol | er
havi ng an input,,devigce; and,. utilizing.the sensor tqQ obtain a signal
conce?ni ng aﬁ effVir o’%ﬁ&moglo%‘?ﬂﬁ?:”ﬂg&fng‘imqoﬁéle Wéﬁﬁ@%w@ﬁ?/&?onrrent ,
transf er rimediédtion Aegnra isttﬂggitekea Y3/ 0P krlofe phyRidldidalebnditfoR FBthE BienfONt @i ned
in the signal in the control algorithm d%veloplng a result based on
resul ti ng cogprsing thastepseficont rol al gorithm devel opi ng feedback contr ol

based on the reegbﬁh%%gﬂaﬁgﬁongaﬂkgg&“ﬁkgorithn1 and mani pul ating the
|

medi cation delivery device as appropriaté based on the feedback control.
- providing a local controller having a control algorithm;

| providing a sensor;
providing a remote controller, the remote controller having an input device; and,
utilizing the sensor to obtain a signal concerning the physiological condition of the
patient, transferring the signal to the controller, entering information contained in the
signal in the control algorithm, developing a result based on resulting data from the control
algorithm, developing feedback control based on the result from the control algorithm, and
manipulating the medication delivery device as appropriate based on the feedback control.
23. A method of controlling a medication delivery device where the
medication delivery is triggered by one or more environmental conditions, comprising the
steps of:
providing a medication delivery device;
providing a local controller having a control algorithm;-
providing a sensor; |
providing a remote controllér, the remote controller having an input device; and,
utilizing the sensor to obtain a signal concerning an enviromnentél condition of
the patient's environment, transferring the signal to the controller, entering information
contained in_the signal in the control algorithm, developiﬁg a result based on resulting
data from the control algorithm, developing feedback control based on the result from the
control algorithm, and manipulating the medication delivery device as appropriate based
on the feedback control. - |






