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{54) Title: MEDICAI, APPARATUS WITH REMOTE CONTROL

(57) Abstract: A medical ireatment administration system (610}
for delivering a medical treatment to a patient (618). The system
(610} has a medical device (612) disposed in a first Jocation, 2n
electronic processor (628) coupled to the medical device (612),
a sensor (616) coupled to the processor (628), and 2 remote con-
troller (646) disposed at a second location remote from the first
location. The remote controller (646) has an input device to con-
trol operation of the electronic processor (628). The sensor (616}
receives one or more signals which it transfers (624) to the pro-
cessor (628). The signals can be derived from the patient’s phys-
iological condition and/or the environment of the patient. The
processor (628) receives the signals and performs a calculation
(630} of the signal. Based on the result of the calculation, the

- processor {628) regulates the distribution of medical treatment
to the patient (618) over a period of time.
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(630) of the signal. Based on the result of the cal cul ati on® 408 5 oce¥sor -
(628) regul ates the distribution of nedical treatnent to the patient (618) -
over a period of tine. 3 July 2006 WD 03/059422 PCT/ US02/ 38901 MEDI CAL

APPARATUS W TH REMOTE CONTRCOL 10 15 20 Rel ated References This application
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~continuation-in-part of U S. Appllcatlon No. 08/691, 687, filed August'?
1996 (newnssapandoned), which are expr essﬁoym&,g}g,qgcgpgn@&,g,qbgpe@,%;wqygy eference
and nade- awqualtetna!heﬂ-ﬁﬂtfhmpa;ec hnical: -Fitel'd 'E&aw%:&%&m&mﬂm%&:&%};ednﬁigad{ﬁbﬁgﬁ { ed

to an apparatus for nonitoring and/or * C Otz pfedek degalyr igrue ofiecHCT abzerdevi ce, such
as an infusion punp, froma renote 1 ocati on. Background of Invention An

i nfusion punp is used to automatically administer liquid medicant to a
patient. The liquid medicant is supplied froma source of medicant and
punped-into the patient via a ‘catheter or other injection device. The
manner in which the'liquid is infused is controlled by theinfusion punp,
whi ch may have various nodes of infusien, such as .a continuous_node in
which the |iquid nedicant is contlnuously infused at a constant rate, or a
ranp .node in .which:the rate . of. infusion gradually increases, then: renains
constant, "and then gradual |y “decreases. Typically, the nDnltorlng of an
infusion punp is perfornmed by reviewing a visual display nmeans

i ncorporated in the i nfusion. punp, and the control of the infusion® punp (S
performed by activating.an i nput device, such as a keypad, incorporated
with the infusion punp. Consequently, the nonitoring and/or control of an
infusion punp is perforned at the sane |ocation at which the infusion punp
i s di sposed. Additionally, for many types of nedical treatnments, the inpact
and uttimate useful ness of the.treatnent depends on the patient's
tolerability and sensitivity to.the
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~treafnent’. Such neasures assist physicians in accurately anﬁJ%ﬁ%p@iently
treating patients. To date, however, nost nedical treatnents are provided
to - the patient based on objective 3 July 2006 WD 03/ 059422 2 PCT/ US02/ 38901
measur enents, rather than on actual neasurenents of the specific subject or
envi r onmemvomBrosssize subj ect. For exanple, typical nedicalpdmgeis@at
paraneters for many drug therapies are provided based on the generic
circadi an"system Under the circadian systemit has been 5 know in the
-medi.cal industry that typical biological functions of plants and ani mals
reoccur - at approximately 24-hour intervals. In humans, the body's clock is
located in the suprachiasmatic nucleus (SCN), a distinct group of cells

. found within the hypothal anus. The SCN controls or coordinates the
‘circadian rhythmin the human body. Typically, -a human's circadi an rhythm
is calibrated by the alternation of |ight through the eyes and 10 darkness
via nel atonin secret MEDIGALRNPRARATIUSOWETH. REMOTRCONEROLhe cel I'ul ar

nmet abol i sm and proliferation in normal human tissues display simlar
rhythnms, and thus have predictable anplitudes and tines of peak and trough.
- Such rhythnms influence drug pharmacol ogy, tolerability, and ultinmate
_uSefuInes§&$ﬁﬁ£&ﬂbﬁﬁﬁﬁle, it has been thought that the circadian rhythm

i nfluences the yses. .fe . 15 _anti z er..nedi cat | LOC i ng
tolerability ar?g]? Saarijp ?%%Srﬁrfll)%a%c P@%ﬂ? Spde oh U ApplicHina AP b&@%#@r, ﬁfeg in
chr onopharvaeh 190i999] witiel iserdontiuation bf UG Paekt NIy, 5385 286, Wiakh #er ed according
to a standard ctrcadi an rh‘%thm especially wth chenothera For exanpl e,
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- between S amand 9 am GCenerally, the tinme at which the nedication is

del i vered ,fs sel tl d by the physician 25 to objectively coincide with
changes i ﬁh@%ﬁ?—gnt' s metaboli sm However, the circadian rhythmis

merely an esti nyer&dkn el i ' . ' ah gn' not
based on - the a?t ualtq%k??iﬁglﬂ?'.s n%?g%%ﬁpg%h$%g§nﬁéﬁg¢w%nm |éc§ati on
del i Wery aeedieal deviesy pusbiag s infygiompuris feat 4 kemotedocational net abol i smis

nei t her eval uated nor determ ned. Additionally, different nedical
treatnments have different optinum dosing tine-

Background of Invention .
An infusion pump is used to automatically 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




30 profiles. For exanple, different anti-tunmor drugs are typiU¥2§ ‘dosed at

different tinmes: Epirubicin and Daunorubicin are typically dosed at 2
~hours after light onset; Cyclophasphamde is typically dosed at 12 hours
after lig nset. Cisplatin is typically dosed at 15 hours after |ight
onset ; anz&(’@sﬂ%ﬁ%ti ne is typically cosed at 18 hours afPEHUIRGHPL onset .
As can be seen, different drugs have-different nmechanisnms of action. 3 July

2006 3 Ot her factors, however, nay al so affect proper nedical treatnent.
For exanple, the mninum senS|t|V|ty of normal tissue is thought to be
related t dNgASWeREDERather(hap onaguel medsuiemeniy ofitherspecifiosubjent peenyironment of

gl utat hi ongg gupfiae.overal l driver of these variables is thought to be the
rest- activity cycle of the patient. Because of this effect, it is known
~that Il.aborator foraxalsnludypsalshmhdaﬂtredlEemmﬁdfdﬂnidih yidiey &eﬂaﬁgg asubj ected

to a 12 hourlééﬂt?téd &12 hour, d k c cle. Nevertheless it 1s known -t hat
di fferent 5%71 aged ait, e ZeReyiG cirea ng@efﬂ%ﬁcﬂ@msysﬁﬂéﬁhaweﬂﬂerent
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two aspects one needs to optim ze during circadian era (S peak
sensi ti w 3 approximately, Abhow)inteswats, I pmesetherbiodj wolock esrﬂscited/intthe of the

“nor mal C colo er t akes: advant age -

- of the ci %@%%ﬁ%@%ﬁ%@?%{g@ug%&g %Ff’ﬁl 3%“’&% I th@o m ng and
dosi ng. Thhe SON caroly @Goordinats taf firaliapth quality -
of life fg}w t he ?)at l.ent . :Furthernore, \?\nt ﬁﬂ?tﬁa?tlimbﬁgn%ﬂ%gypfﬁycgu&%

chenot her aaﬁ&gga ﬁ’y’-’hﬁm mcgtlhrlateﬁ@yéhqﬁl@mnomﬁhmmhmwemaem addse at the
| eagh t oxi r in survival may be derived. _
HOWZEEI‘ _ éicsérl%lgéps \g?%lg%% do%/%mﬁgﬁb#’mr G%Ergﬂﬁr%r ous flaws with providing

medi cal treat mFutiberimoke, dmm@utahmembammm prolifeadlion in Roeia? RimaiidRdsy of the
| nventi on Ac ordu?% %o a first ect of the present invention, there is

provi ded &P Wﬁ’cﬁnﬂé@"s tPrediciagle %h“&%ﬁ@%?@@%@ﬁpe@bmtr@lghg a
nedi cal t ISeel MRMmOBRL&GR PHirRacd I ns for
del i vering the medicati oﬁhﬁicg t he pa%bggnttélegbﬁhtgeﬂlgl cal %P@%j‘#%ﬁ”%a devi ce
bei ng di sg&aBRle]ihhas Hepn ﬁtoughidhatlthﬁ”mrcadlamrhyﬂuh influgnees tivnseo bl fficls0f t he
rredl al d e C ed.to. the cgntro|] algorithm the
sending dauteibeelmanta nolRinePIoRRHBY B ituon Biary rAmGR EPemAL: ho
control -aMyerefdrkyin phx@ﬁ@ﬂﬁﬁﬁadd@léhﬂﬁ@énnb@ Caﬁhseaﬁcet ﬁﬂgsmed
and. devel o S a dback control based on a result procegzé}??tg&tﬁcgrygsl gnal
to deternt 'ﬁﬂg{ gircadion ahythiy, espeaipllwith peenepshérapy: dtbr example Hdoxmeidineal
treatment 4 i%t il ts d dba ntrol to the
nedi cal treat gv?@é@o]hg%tdpo %éaégﬁddlegg?dfn%?n% gmﬁé’gl&@ " treat nent
to the patient 14‘5mﬂd0$cheem@mamd3)piner di sposed at a second Iocation
remsfe from t h68%fafdete Hetwarni opm ahd@ ptng ot € cont rol I er having an input
device to cont 14 ofdeseictvsendS pih B&d § @it 4,

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 ott
-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 Cycloplt_asphamide is typically dosed at 12 ht)urs 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.




al gorithm 3 July 2006 3a According to a second aspect of th&A08%ent
invention, there is provided a renotely- controlled nedication delivery
system for delivering a nedical treatnment to a patient froma nedical
devi ce capabl e of delivering the nedical treatnent, conprising: a sensor
receiving a signal, a control algorithmoperatively connected to the
sensor, and a renote input device difsposed at a location renpte fromthe
sensor, wherein the sensor obtains the signal, the control algorithm
processi ng the signal obtained by the sensor and devel ops a feedback
contr ol adaFted to control the delivery of the nedical treatment fromthe
nmedi cal deQihsefactors, heweier. rast alsogtect wrepaimedicahscatmenst Roriengupledbei ce has a
nmeans_f: I af i i I i ing to a
hi r ar b AR Ao RRRLRIC O o6, R Bl GRERLS, 13

del i vérug matatiobism (egnphitshings). An pvergl driverbf theseediriables dehought tb be dicadstat a

first locatiqn r admni ster| nedi.cal treatnent to a tient, wherein
the: pPO D P ol Besas ok Bidrelt kBt GR MRt SR A rech cal

t r eat BE&dndusted (et Bad dndihl, subjBétedVRA B Hbuk hgltpéﬂmgmmabérﬁ cydlgdi cal device has
a first input device for entering control commands for the programrmabl e

In 2 €, . con

medi cal d&NFverheless. e kpown et ffeient Refentataridayith e de eangenteratopat, even
progr AR EmbR AUrE bt AEH HE sanrlé"ﬁrcac!ﬁ% o1 9RbS, %ér?ﬁregﬁegﬂ fb 5pessdaat the
first location and having a second 1 nput device for entering” control
comrenseds th optimize dinegéiraadiat tiekdpyr (1) thegehlosmbitivon of e henortd)smdp@) the
“operaLivq&% conn&gtg&Fto Hhe%@atient to receive, a signal fromthe

patiéWPFn SR Rete SERa U5 ol | er mani pul at es operation of the
pr ogr anmmalskamdard dheabpid@idotigicintrveltiseaRésidoatbded fitias cifcadias Rtk | ng t he
| ocal , control ler, the renote . controller being disposed at a second

| oc atqr‘&ﬂqtoi“é‘ﬁ’é)lﬂte‘é by coptralling the tiging @ dosigs Bhusyvibfaredyosdhesfisgt efitpisite nedi cal
devi ¢gqifipdl e yRlity SRlif HRMR &L HuFRbdrdke, RANI thy TR nk A ol ow a user at
t he secon% Iocaﬁiohytolgqnt(oP %he l'ocal contro r.ACCOr ?ﬁg to a fourth
aspecherpéotherapy finas dytadingnisteringombyi ghdneraxingn polowied aldseat thst lhastitoafc  control | i ng
a nedicatlo Li.very devi.ce where the nedication delivery is triggered by
one. o ERing R B0l Bk SRR o R, R P A i bR e <t epe
of pracvinmhhedeusalawedvithogrocidingdddicabtryatslents ftlowidicome sfaidhrdcir@dih sgaehr ol | er
having a control algorithm providing a sensor; providing a renote
controller, the renote controller having an input device; and, utilizing
the <RERSRY of Be BRkalidh & Signal concerning the physiol ogical condition of
the patient, transferring the 3 July 2006 3b signal to the controller,
entering Askasdivgito ofirg espeal ofdle prosenhigveitignatheriers piwideda renuitelsieguirélicdm
g:x Z lﬂ"geg%{%gorf%%ﬁ%& Cs&rs 1%,3 goqnﬁ)rﬁil{ggg H‘le&fcaqgcreg%%t ];1&[:‘91@?: ﬁar\]rlengcaosrlll'i)f)l?rlof al gorithm

medication and a means for delivering the medication to the patient, the medical treatment device

)

being disposed in a first location; a control algorithm coupled to the medical device; a sensing

~ device coupied 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. |




control based on the result fromthe control algorithm and &Pl ating
the nedication delivery device as appropriate based on the feedback
control. According to a fifth aspect of the present invention, there is
provi ded a nethod of controlling a nedication delivery device where the
medi cation delivery is triggered by one or nore environnmental conditions,
conprising the steps of. providing a nedication delivery device; providing
a local controller having a control glgorithm providing a sensor

providing a renote controller, the renote controller having an input
device; and, utilizing the sensor to obtain a signal concerning an

envi ronme alrloqggtion of th%gﬁatienhfs nvi%pnnent kf%ansf%ﬁring t he
signal t o AHEImERAssrond Aspegt GEdh presentinyertion; there s prolided & rmotelye S gnal i n
t he confrsltdd raddietion H&ve@%&@ﬂe@ﬁbﬂ@elﬁeﬁﬁ%@ Hellichiafath @bt Sdikehti gndat a from

t he co%ﬁ&il algorithn%‘geveloging feedback control based on  the result

fr om™ grnceotapale of delinprnedngmsdisal raERsnhGOMRESIAE A BRI SCeEIG ery devi ce
as %P%%HHrcbﬁt}cﬁ aRRiRth Bfbrithely BakaG o %ﬁé&‘;anh'%rr@rh&e%éﬁ?h&%@ isa
medi cal apparatus that ‘has a programmabl e medi cal devicé for admnistering
a nedlispasediat @ deosben remetefrena thesansor wiergin digrsansen bbteing i sigukl, thevdosizolbei ng

di sp . } . i cont | er r.contr ing the
or ogr it bretsitebe SRR bhipy B eI BTRACIGR] Sheefiack Sonyfl Bblried b9,
secordntraldixt dediveryarfulieemédicirtrtdimedit frarh tHeagadicab devate totthegiutibmeandovgeianmabl e

nedi cal device is di sposed. The programrabl e nedi cal device.includes neans
for © Wf?{l@%fé&c‘e ﬁ% AFBeAnS J9r %wtopﬁr&u%etd %sf? algaithlly | nput devi ce

for all ow AGoadibe®a thid héipebtlof Qb inCQIITRNSre i Cpr6AREd #inchildgigydm ni stering
means. The renote controller includes a display device, neans operatively

coupldelivary systran, goBpriape: e pgrammeble geaigahésvis lacajgdsi alfirgileggtiony fast a vi rt ual
or b ra et Bl el BRI ALhrba B M m S SRR o

| ocatmeans foo adwinistaring thdmmedical treatinenthiputhe peieht; end whakinake profmamnssbic t o cont r ol
the operation qf the prograr | e nmedi cal] device.fromthe seco | ocati on
3SR e hona A O S TRaY Segsotroheolzag br Us oy RRIblEnd ' e

Vi It wddidal\d¥icedl 8 Wealko oyl Op@rativel Pétiinedtb SR tAY prdbratnRibitd dbdibHl dedickes havi ng
substantially the sanme conflauratlon as the keypad. The progranmabl e

medi éesel epptroler heing digposgd at Hredlstderaionpnd bavingimieaenst iapytiigvige fargotedng medi cant

" . . . LA : .
conneoit Efamall fralcfal iioflr IR L BL 0 (RS GRAAIATSSRIRE |
devi ¢, paticpguopicaiye redgrah frem thopatipotypihagirt the lochl apuirdllaredingmidtestdpentigh t he

conduit and into the Lent via the liquid injection device, and, a
cont Pbihe PP ak e RaRA AR A DR e R PR 1Gs U e SOBEPIE
medi gRlrefabRaoiRsller deMp ARpédeatht Hasom RURARNY @bt TR o firRTocatch & wiaans for
delivering the nedication to the patient using a control algorithmand a
sens thsgregrgnmablemgglical device is disposed, said remote controller having means t6 allow a
‘user at the second location to control the local controller.
| According to a fourth aspect of the present invention, there is pfovided a method of
~ controlling a 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 medication
‘delivery device; 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




control algorithmis coupled to the nedical device. The sens{Hf%vice is
coupled to the control algorithmand the sensing device sends a signal to
the control algorithm The control algorithm processes the signal received
fromthe sensing device and devel ops a feedback control based on a result
of processing the signal to determ ne whether nedication should be
delivered fromthe nedical treatnent device to the patient. The feedback
control is provided to the nedical tggatnent device to control the
delivery of the nedical treatnment to the patient. The renote controller for
the device is disposed at a second | ocation renote fromthe first :
| ocat e 0Ll er.. I: t. devige to, control operation
of 1t ROy S corOR e il g2y Blheg B B, B Eh lamy PSy ot em
conprdestloping apesol basedwh resultig idatal fronl theicontrol aldotichad, deanibing feedbacknd a renot e

~control]er. The progr bl e nedjcal .device is located at. a. fjrst location
“for aﬁﬁ’ﬁ'{rﬂli %ﬁff‘é??ﬂrfge EF%WE%&F Fa8} fﬁﬁ?ﬁtgw@ Ia%ftlpwn,g.tﬁ%@@%lﬁ@l%%b?%b| e
medi (&bicqui(fiﬁ@rﬁﬁﬁ)aged@gﬁgfgeg[ﬁacﬁ(éaﬁtfﬂl_steri ng the nedical treatnent to the
patient. Additionally, the rogranmmabl e nedi cal device has a first input

devi ce forAcsadingtng fdrmepest olcbanimaens inventiqmtherejs pipviderranahedafi cal devi ce.
. The .lc(aﬁf?#lll]igg Fh{eﬁ chffdn deﬁv%?&@%ﬁ %g‘l-":r\é ﬂ?&ﬂ%ﬁ%{tﬁﬁ dgl?vehbﬁ tﬁé%gé’ g nedical

devi ce. ocal contro I Spose he f1Tst ati1'on and has a
s ec ombre eputondeuiat eonditons, entmerising thesteps of: pooidiaga mefipatidcnhizlivayalkvice;

controll.er. Addjtionally,.the |ocal cgntroller is operatijvely connected to
the pRYidine 2fose) contiolie hviae 6 Saptrel Aleerifiie PRRYER F Sonshid PRAMIFEE 0Nt r of | er
Mani Ruhigs]es, theRhdtd Rtrlcrthieing & HpadeRleeante tiliAhg 1€ ¥éiG6r to DB £5BAR _
controller, is disposed at. a second |ocation renote fromthe first |ocation

at WSPBIFRIpG abenydeanaRal conditign ehthe gatng penvirongprtpansterring e siggalde fiss to

allo r : i : : er. 3 July
2006 T3 e0s S0 TR B nal e AT ChneD e AL (ERTR °L cimp

a keygalt basedcntresultinigrdatacfionn theiconiehal goeitmeydelelopiag fedbamk cditsqbasedain a

L S b AR T A AR Bt e

adm appiopfiatadased ob tHel fagdbackid®aliireant to a patient, which includes a liquid

i nj ection de\_/iaig adapted to be connected to the patient, a_ conduit
connect ed Hegit disclpy L‘ﬁ%ImFWF@@PP?BﬁWEIQWE@,aP&O%IGWaﬁﬁm%hé‘iﬁl%erfpl' or punpi ng

1 Ui e logPifad el P, B Yoot
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programmable medical device is disposed. The programmable medical device includes means for
administering the medical treatment to the patient and an input device for allowing a user to input
control commands to control the administering means. The remote controller includes a display
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.




control algorithmand a sensing device. The control al gorithl20€oupled to
the nmedical device. The sensing device is coupled to the control algorithm
and the sensing device sends a signal to the control 'algorithm The
control algorithm processes the signal received from the sensing device
and devel ops a feedback control based on a result of processing the signal
15 to determ ne whet her nedication should be delivered fromthe nedi cal
treatnent device to the patient. Thesfeedback control is provided to the
medi cal treatnent device to control the delivery of the nedical treatnent
to the patient. The renote controller for the device is disposed at a

second | oc t he f ati te cont oI | er has

an input nglteé\/lr?l 4 g%%:%n&:bg’l%r e h( gtaﬁt%gqgoﬂftpgllm% BYFY Iﬂﬁ’(

Qc?:or hsuny displayefa ptmcmﬂﬁptsfmpnmmg)éubsmlamwﬁmmrcaﬂemam astﬂteewsvgaii cat ijon |
elivery m of the present iInventjqgn conprises progr anmabl e medi ca
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treatment to a patient, and programmabl e medi cal device has a neans
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_cont OP conman s or t rogra ’Iocal controller
i s operode Ibebqnhoﬂmgeb&pldnpmg trﬂaehanrmogr amrabl e nedi cal device. The | ocal
osed .at the first. c secqnd i nput device

troll
for ente Sﬂ'&lsse ﬁtd? 1§ P Medfraht rfttrierlﬁ% hasi ety PErnF@Faﬂom fiIFAR |y, the

| oc fdr delvtiring kleqhedication &F @k bRy uRNNEGHRHalkSrthRemBale it dQidCERI Ve a
signal fromthe 30 E)at ient, and the |ocal controller manipul ates operation

of emErobslgesithmria poupladea theanedient devies. Thypeasing deviee issaepled fogthe fantiol sposed at
a Sﬁ@&pﬂgt £Aqhd QsHLIRAE LhfY %Qﬁl {d ttétmtn% g:?tama‘rhtﬂmn%r atgt;tgtﬁg. ogr amabl e

medi evice IS spose as neans ow a user second
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i nven @P%é?rﬁfelsfm% gﬁﬁgﬂg HFte’tnome Fvﬁa@agr IB?d“Ef’r“ﬁPa]g(r@géT(gﬁtveTeﬂ frompuths, p in view

of inbéicsletcaincadddasas tli%tpaﬁ&ltofhetf%@db@éle&ﬁxtrbﬁﬁ ré¥AdRAdb rter}hedIMtre&tme& nmade

with reference to the drawin bri ef descrrptron of ich is provided
bel SRHicedo ppTtex toglelivarpor e vlcel RS ethepatint ohs romeieiconrallsr forllt an

apP@ReYs dikWse ALY LIS PEAHE Fom! the AEsPRRAtidnOTRe remote controller has an

mput device to control operation of the control algorithm.,

Also disclosed is a medication delivery system comprising a programmable medical
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
pro 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.




patient and nmonitoring the condition of the patient; FIG 2374 %08t ock -
diagram of the electronic conponents of the renote 10 nonitor/controller
‘shown schemati cally in FIG 1; FIG 3 is a front view of one enbodi nent of
t he infusion punp shown schematically in FIG 1; FIG 4 is a block diagram
of the el ®u3msd4e2 conponents of the ipnfusion punp of Fl GecBwseaksedt! G 5 is
a flowhart of the overall operation of the infusion punp; FIG 6 '
illustrates a nunber of.data-recording steps performed during the operation
~of the infusion punp; FIG 7 is a representation of a portion of the
nmenory of the The spuindevivemiy tel for exanhile,a lfe;;gﬂkﬁbﬁd the Qfrtal ﬁlge{ &vﬁ@?ﬁaf&ut I ne
which can be ysed. to stqre data relating . to the operation o he

i nf usi‘on.ﬁﬁﬁbﬁmhﬁ’ﬁfé wplty of keysdaving subyientially thestme configuesation aF i@ 9 is a
fl owchar tg@fa@ routine which may be used to identify the type of infusion
punp to whi'Ch the renpote nonitor/controller is coupled; no.-10 is a

flowchart of aThoptegseinabie meditildeviod mbibe e fibtormiiy F AGSMstaipel ;  Fl GS.

11A-11B ijal ustrate tp{ortians of. visual dj,spl.ays generated by the renote 25
monitor/c %‘P&Bﬁi&?’? PrA@aten, Which r“g%%kﬂmdéﬁie@%é%%éﬂaﬂﬁdﬁon)uti ne that
is perforMe&é’dioftﬁef);ﬁEHﬁh%coﬁﬁ&ﬂiéo%é&%&Ré#i iaﬁff&%%&@&%g,\g@hart of a

receive routine that is performed by the infusio s a
{1 owchar t mg¢hagismyfon pwinping ¢ liquid mbdicanit shrpwglf the cerduityind o ibefpasém@Riamep; 30

. 15 isy; il J f i cal h be di spl db
the remot @ iceBh RbEE Dyt oPouBR: SRoulisy wF o B o modi col

treat ment adm Aécokding iodnoties bRLQF tellReseRt BF&HHon! thY SakicaN: igd061 WO
03/ 059422 6 PCTI US0D, 38001 I eyt thelftescht Mvelliion, BY Rie icht fagi%erll:tlgﬁlgég of the

medi®al thasASHEMY chmsricakien andiasneans fosdelivesingithaanedigationne thegiatient neinp e
control I i Hgs . ' ¥olo |.a f ot.her. vari.atjop of .the nedical
treat rrentélﬁagjr:%lg?%ttﬁ%adtlllagra]segdy tége%%gf %?@HQ%%POHMF ’épl%@rtge ’Pﬁ@c%ont roller

i s a conpdevieet Thé sé¢rsing device is coupled to the control-'algorithm and the sensing device sends

a signal to the control algorithm. The control algorithm processes the signal received from
the sensing device and develops a feedback control based on a result of processing the signal

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,




5 medi cal’ device; FIG 19 is a block di agram of another vard-#i2906 of the
~nmedical treatnent admnistration systemof FIG 16, including a. variety
~of sensing devices; FIG 20 is a block diagram of another variation of the

- -nmedi cal treatnment admnistration systemof FIG 16, including a variety of
~sensing deyheseseak0 FIG 21 is a block diagram of anot hepcygkhgbggn of the
‘medi cal "treatnent adm nistration systemof FIG 16, including where the

controller and the sensing device are an integral conmponent; FIG 22 is a

bl bck di agram of another variation of the nmedical treatnment adm nistration

system of- FI G i I AGHa ki , | e - i ;15

FIG 23 is a bITglgf(e [ ?&%%&gﬁ‘r&aﬁg% Egédt%/%? ?gﬁgg%s%?kﬁaﬁféﬁ%eglﬁgﬁgl a‘ﬂ? %r&ggtﬁrére nt

admi ni st r dhasewf sydnayrskil iFthGart2® yiewnd|theidatajled dpscuptiesaithé prefearegl ural ity of

medi cal treatnent.. devices: and, FIG 24 ig a,block,di.agr.am of. one type of
a control eg}%agft?e[qtmﬂg?h ’tsr?éadﬁl’vétgléﬁf‘ltérenf:% He FRWnES QF%EBE]‘E%%@%?‘%I Pon of
Pref erred grsdaash wapavy. FI G 1 il l'ustrates one enbodi nent of an apparatus 10
for adm nistering nedical treatnent to a patient. Referring to FIG 1, the
apparat us 10 includes a programuable nedical treatnent neans in the form
of - an i nf 4§k @HRUE R0k Df liGh 1s connected to a |iquid 25 nedi cant

i njection f a catheter 14 via a liquid conduit .
schemati cal | y HEGoWs midodfdiaghing of ppapmikarss fboadnmiaistesiag nredicel®datment to a

nmoni tor/controller 20 which i s _disposed at a roomlocation renote fromthe
‘room | ocatHaB?PtéPg\mﬂnbtﬁmﬂ& e popdifgngd thapatients s | ocated. The renote

noni t or/ contr ol [ 4 i r m of the sane
building in 30 E*V\I/ﬁf%éodt]ﬂgéﬂp‘g?%&ll%??g%g‘%ggglgecg?g%ﬁreﬁlér??g{ef@?gent bui | di ng
t hanitt he onenifor/codtialler shoevnsolmmatizally in FGsbosed. The renote
nonitor/controller, 20 is connected {o..a conventional voice/data nodem 22
TTa o data | nET5s3 K ion N RuR fabo R SR hRRR R ESE Ser RS 26
via a voijggiink 28. The infusion punp 12 is connected to a conventional
voi ce/ data nmodem 30 3 July 2006 WO 03/059422 7 PCT/ US02/ 38901 via a data
link 32, and tA8Cndéenhloek diagram of el ironic gomponspls of gredafusion parp of FEG.| i nk
36. The tawo. nodens 22, 30 are interconnected to bidirectional voice and
data communi cation via a

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 operation of
the infusion purmp; - ' :
"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 displays generated by the remote
25 -monitor/controller; o
_ 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;




communi cation link 38, which could be a tel ephone line, for3é#affi¥fe. FI'G 2

is a block diagramof the electronics of the renote nonitor/controller 20

5 shown schematically in FIG 1. Referring to FIG 2, the renpte

~monitor/controller 20 includes a m croprocessor (MP) 60, a read-only

menory (ROYAP3642% random access nenpry (RAM 64, and aPRCT/E#IB8%Ut put

(1/0) circuit 66, all of which are interconnected by an address/data bus

- 68. The microprocessor 60 has a transmt buffer (XIVIIT) 70 for
transmtting data bytes and a receive buffer (REC) 72 for receiving data

- bytes. The. rendf- 113s aBierk disgrasrefayarietionof the medickldrdatnend aduinistatiect ed t o

- the, I/0 ¢ | ' 4 Lsplay device 78, such as a CRT,

- connect egéyts%ﬂitémfeﬁ%gs’gﬁ‘?g%l}]?&é%o%?augﬁﬂgge ‘80, and an input - “device, such

as an el ect r onFIG. iBusebldek diagmnesftandthbovdratod b6 ikt rdBnMita a | i ne 84.

- The renote.mD itor/contrggqée{ 20 can also include one or nore disk drives,

such as &FEPSUAASYSER QfdTGr %mql‘efﬁw}@%@wtr@llmsa Fomgpongni of tlze f r ont

vi ew of aqpediedridedicgent of the infusion punp 12 shown schematically in FIG

1. Referring to FIG 3, the punp 12 has an input device in the formof a

keypad 90 vi a Kl ¢ ixa bloek diagrgmi of puotheatasiatiooftthemedidsl tesatnent di spl ay 92 for

_di spl ayi -1 I S .the. user.. A bl ock diagramof the _

el ect ron@?%?@%@ ¥ %ﬁlsoﬁ.ﬁé‘p]{f’onﬂw?'ﬁm?gsa'gmoéz-ﬁm@m.’!ﬁes? 20 Referring to

FIG 4, the pWH. 2Qid Abelddarram©@? 2héRr vaFiadQPof et y programabl e
read-only menory. (EPROM 1025%avi n(I:; a bui I'ta- [ nq lt?%mlarllltegr‘#g@gén 02a, a |

nonvol at idBuRpKAtionsystern of EiE.- 16, inslusingokvarieey efisensingadedicegl ay 92, al | of

whi;gh are int o} | cat.i ons s 108. The display 92 has a
bac@l i ght 110%[ gg&%ﬂ%el{)ae{ﬁ?!\% IR WHpAgp o IQF@%%P‘E“@anaI gener at ed
on a | i nedidsistratioarsystem et FIGJ 6} ineludipt witi 8% cRRIRPSHd he s@n‘éin%%kﬁgé t 110
Both the RAM 104 and the real-tinme clock 106 are connected t0 a battery 114
whi ch sufBrREET2LeRIRROERS t hem only in the absence of system power. The
controller 10 JER{ m recei buffer 118
connected to ?g\ga%o%%%gi onsBﬁﬁﬂedéﬁ#@%gﬁﬁﬁ%ﬁ?%%ei%%ontroI s the
medi cant afipfisiragion system bff Fih b cidtlodingy fluralitydfintcdieg] @eatgitidedikessi gnal to an
a ifier cirguht Q.vi line,122 to drjve _a punp notor 124 which 30

d;riq %/es a purrpﬁﬁ%‘ 2%%??%9%&?% of Afihes yaciatiog,of i #petEeny not . shown)
adapt ed ‘admimidteatiof Oyt bf FIG. B2 Andloink @Préesdol forlal ptthty 2 Btbdicht d8ib& G 1)
connected to the catheter 14. The controller 100 ‘recefves periodiC I'nputs
from a sHafiteseARbder (SE) sensor 130, which is disposed on the shaft of

the mot or 124piGNgs % 51658 RAgrd O BRY 1yBE offa SRR RS Sieh by p2000 VO

invention.

20

Detaﬂed Description of Preferred Embodiment
- 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




* PCT/ US02/38901 notion sensing encoder which provides two si 32988t puts to
the controller 100. The rotational speed of the notor 124 and its
direction of rotation are determ ned bythe controller 100 based upon the
rate and phase relationship between the two signal outputs. The SE encoder
130 peri odigoabhissdar ansmits the signalzs to the controll er pd®@sosizgeoa | i ne 5
132. Each tine the signals are transnmitted, an interrupt is generated, and
the controller 100 conpares the actual position of the notor shaft with
its. desired position, and transmts a new control signal, such as a .
pul se- wi dt tiamwidts 1ake3?, sidhe modem 30Hecampdtéd ioortelkibngiza vidvevditd nk1R2Thé O
ensure that the actual speed of the mpotor 124 corresponds to the notor
speed r equifROfeRs 24, 3 appdatercopnsaid; te hiskiretimmakyaiee andidata cpmantinination vipes
caused by : 3 | 1 lL.ghest priority so that
they are r%i%gﬁgg%ﬁitagﬁ%nsﬁégf]%?&@,ﬁ%ﬁg?%&él%gené&d?‘%&?ﬁ a@ltg'l ons are taken by
the control | er HED2iThblookdingta bthe electrominsof tife rembie mdnitat/cones a0

d i.bed [ ' [ d ] he fol | ow t

appi | Eat 1 ofnagaepiticily A I Rifedhet b i Gerara portolRombiied U s ser.

No. 08/ 399iskfies i ioprdissor@MP) 805 kbl it ROSM) 82, Fufilrklaiie 15 Power
er .

Savi ng Mbdes' ; U.S. . No. 398,977, filed Mar. 6, 1995, entitled
"| nf usi on TPEAEY RAM) 6blasd en inpubows ikt (HO) Circuy, 66, albef whish arcd@t898yee8a byf i | ed

Mar. 6,199 ' y .00 . Pu L. Different ' Modes"; U.S.
Sor No. o) Byl tus oh Ok e hs Biloh ERE e REMAIT) A0

| nf usi on Puammitting da@diytes Nod a Q3438 QutGIREC) V2 thr Mieivily datd ORS, TR fenfoked
"I'nfusion Punp th Dual -Latchi ng Mechanisnt; U S Ser. No. 08/398,887, 20
ti | ed®nar . menitagegirolss 20hagy kesbrrdieanegied tovher/Q pisquistocda a tae %, a

Recor di ng, disdiBe aQRE! A | f M s A28 cond by. a
conput er prgg?gm stof%g%&nagat%%ﬁé 5 ?gﬂthgn _%@(céglft%gga%%/ﬁﬁdé%gdoﬁl%?tl er
100. A fl odehigy suchGS anbletireniomenssl 82, canpertad foake I/0 cirbhiti66 viatadideign. THeG. 5.

Referring to FIG wh t u 12 i.s turned qQn, .at ste 202 the punp
e i1 o {ete apitoyPaglics 26 e s enesrtite Ak Biesoihas & A 15
may 25 be ivewd fidppyldem@eivarily during an infusion, in which case the punp
12 may continue the infusion when it is turned back on, asdescribed bel ow
At stldp 204, ifFiChériea frentiyigw pEors evmbegimens piihe infsion pponpl12 shobw i nf used by

the punp o . I f 4 | pld. Y for.. i nf usi . whi.ch- woul d be
the case wLPRHiGRy s KRR RECHREGTRGY U fuilp 2w ShiloREviss W HRderER e
progr am br akeyped 90 siaswitich 206 maf dupert Hiie antb@mmhanda ek disMapORITARD ?ﬁg

di spl ayed on the 30 display 92, -whether the previous infusion should be
resunmed. | X ERSRECS & ¥ yes (via the keypad 90), the program branches
to a ready-to-r AbisckRagddf of th elebGoriéset iU Rfukidh YanP21is i resumed,
t he program branches to step 212. % July 2006 &5- P2t st in #RG.€

20 Referring to FIG. 4, the pump 12 includes a controller 100, an electrically 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




WO 03/ 059422 9 PCT/ US02/ 38901 The infusion punp 12 has a | ct#$A%%pde ih
~which the user nmay be prevented from progranmm ng the infusion paraneters,
such as the volunme to. be infused or the rate of infusion. For exanple,
the punp 1 e programred by a nedical assistant to deliver a
particul ar%’d:@{J ?432 having a particulear flow profile, fl ol FH¥E/38ME vol une
to be infused. After 5 progranm ng that infusion, the nedical assistant
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node in wiP EPSUEhiRat tha apfualspeadf ¢hd motor mtb&tor&spcﬂfdetdth@-hmﬁfr%ﬂééﬁ' Jat}iu;:]eﬂ(f eases

to a th t the threshol d rat
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as a |iqui vol une every three hours &0y AthGRactions e punp
can be pr 3 ¢@olen i®Wer a uni que infusion rate during each of 25
different tinergg hl%gslﬁh controlled, anal gesic_ (PCA) node
during which the [i))u ?%]9%@?‘%8?%?% HUs pobdesenibed herciy, w gesic in
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etc. At sk q;lm?é 0es t pt..to use the continuous node,

t he user alﬁgjv?e%rlls Wil ]'gﬁfeﬂtg Maﬁé ReSer; YoN84398:886, filsd ds. 222 30
236 are gl mﬂupdt“&asssmmora@ mmuiiﬁs&] ;8. St No. 9%/39811 88 Lq AIE guser may

be prompt for.. ..
pronp %5 entitled “Infusion Pump With Dual-Latching Mechanism’; U.S. 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 the 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 branches 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 branches to a ready-to-run step 210, If the prewous infusion is not

to be resumed, the program branches to step 212.




di ffErent i nfusion paraneters, depending on which of the fi3&R98&i bl e
i nfusion nodes is selected. 3 July 2006' WO 03/059422 10 PCT/ US02/ 38901
- After the conpletion of one of the steps 220, 224, 228, 232, or 236, the
;progran1 branches to the ready-to-run step 210. Wen the user presses the
key, “&ﬂﬁ enters the run node 260 and infu tient
mnth a |iqui mg%lcant in accordance W th the infusion node Egﬁg@ted at
one of -steps 218, 222, 226, 230, 234 and the infusion 5 paraneters entered
at one of steps 220 224, 228, 232, 236. The punp 12 rermains in the run
node 260 unti |l flsld r Upon
the occurrence © man g%mn q%gﬁga?kﬁ&ﬁ%ngéfgg§$ﬁgﬂ#epoﬁﬁéd ?8§%§%x%64 At
step 262, Ibrngfahmhgﬂﬂ ikfasion parpneismeshch ab e violiimesto.08 iifssedicpfiRAdieaf Step 266,

-and the pu, ig/alts for the ryn key to be pressed at. step 268 or the
on/ of f swi ofexpmplretie gump A ¢ could be pragrammedhiamprisalAgsistar to delivat # on
descri bed di cal
assi st ant urns t em%gﬁp % %fﬁ%‘g%aﬂpn@”% édggﬂgkg:gaﬁ@?ﬁg#ﬁ%rﬁo%%&“at one of

st epss 220, pragw;nnﬁﬁgthaQMmCQBmp needitat dssistanueonkd pilive thappnpi lockbeempdeygr anmed

I nf usi on ber a|n I.n 't he 4. The nedi
assi st ant ‘&Eiﬁﬁ ﬁfe‘ﬁe‘f% e ppfien %ﬂ B'&%ﬁg?}H’Ofﬁee‘gé’%]toﬂé’a“aﬁ?m%évSFeﬂah%sponse
to the " PripgeAsmmbl s bRsugiBiodly ﬂh@d& ;a Idbkouk Fnc8! 186 pidaarh ket girethigheat i on
at step 216, and'then turn the punp off again. Vhen' t he pati ent
subsequentthe readyieamovien H8, lmmwmgaalbﬁrpmﬁmmepsm usi on, the program woul d

D event ¢ he par 7z, fiiein b6t hGoRIRe, e ptRih Beinio Y5 2% Bk ou
nodejpvas n@mchpointmequgtrmpmtmb usgsvis thandkis my . lﬂﬁklmﬂi&theﬁﬁél'pﬂhdnw n 20
an en

t he punp on, ﬁh%gramthe desired i nfusion node, ress the "Run"
key to st ashouldhe allowed o msperamiroRRmRdurtng; the sbsrguentanfeinp ﬂ!epulyprlswto

progr arrm |

Phe non vor DERRELE, heBrogkdif ol P Rep i SILRBR baRnLY s bETANIT |
conpl ete rb3sltequaSUag the ghadr 40 inpumhiclwinfcmommnddssheblﬂd be lockdd chevIéthefpummm d@e
menory 10 nd used %\c/br varl o 25. ro%ses r#gl ng cli-ni cal purposes to -
aid in det gxeéar 4 sion therapy was and

treaggrent pur poﬂﬁ'infu@ioﬁ 9mhp ﬂﬁhﬁeh@*ﬁe lidaii’: RS sfﬂnmaﬂml Df diSn@BudMasnode &t val |y
delivered. FIG 6 illustrates various steps at which infusion data is

recorded tWhich thepugmprdeliyerea singlg vphyperaia szssgkerraue; 2ysnptoorampanedsyin sihiplythe
general Iy ét{hlﬂ;geﬁveé P@%ﬁ%&l&hﬁ@@@ﬁ&&%@@ #Chﬁﬁfmié‘&a EfnrhP4 1S

set forth l"ow. A" num events rrgoe estorage
- the threshold rate, and then gradually decreases; 3) an intermittent mode in which the pump

i-l
-

delivers discrete liquid volumes spaced over relatively long 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 duf:in‘g 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 modesis
selected. -




of data are listed in the left-hand colum of Table 1, and 3t 23006 usi on”
data that is recorded wupon the occurrence of each event is listed in the
~right-hand colum of Table 1. The tinme at 3 July 2006 5 10 15 20 25 30 WO
. 03/ 059422 11 PCT/ USOZ/ 38901 which the bnf usion data is recorded, which is
det er m neaV‘B%}“ESﬁ real -time clock 106 Is also stored aIP@Il‘gJSWi:iSbmt he

I nfusion data. TABLE 1 EVENTDATA RECORDED Power OnDate and Tine |
Programn nfusi on paraneters. See Table 2 Runlnfusion paraneters. See Table

| une
2. HoldTotal Vi nfused RestartTime of Restart Rate ChangesTotal Volune
| nfused, Rate, 2@8}“&1&&0@ AR eHPRg ohhe sieps 220 2dedls, AB%.ranZBﬁ;xhapm@mm on

Conml et = Tolal Y8 Rl 3685 W PRI B T 5l 0L

Type Resunel nfusi on parfanmeters

1 DPat i ent eRtprsiumimarmisr26a |anmgn§?§s rtsrga: paummpdrres g ur&g&ggﬁteifi %géﬂg%xfltagww age
hociont O UBTPHBBH B BT Bt e T 58k 2600 Fermiaheison
- 5 parameters entered at one of steps 220, 224, 228, 232, 236. The pump 12 remains in the run
mode 260 until the “Hold” key is pressed as detenmned at step 262. Upon the occurrence of
an alarm condition, an alarm is reported at step 264, At step 262, if the hold key is pressed,
the infusion is stopped at step 266 and the pump 12 waits for the run key to be  pressed at
step 268 or the on/off switch to be turned off at step 270.
10 o Summarizing the operation descnbed above, if the pump is to be utlhzed in lockout
mode, a medlcal assistant turns the pump on, programs the desired infusion mode at one of
* steps 220, 224, 228, 232, 236, and then turns the pumnp off. The programmed infasion
parameters will be retained in the memory 104. The medical assistant would then turn 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 tum'the puinp off again. When the patient
subsequently 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. from 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 significant infusion data to generate a complete historical
~ data record which can be later retrieved from the memory 104 and used for various
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 colurnn of Table 1. The time at




-~ Power OFfTine of Power OFf Version No.Software Version Nunbedi@p&rring to
Table 1 and FIG 6, when the power to the infusion punp 12 is turned on,
the date and tine of the power tamon is recorded. When the punp is
conpletely progranmmed pursuant to one of steps 220, 224, 228, 232, 236
(FIG 5) o 6lseppi ned at step 302, ;the programed i nf umnnsopfasyarreters are
stored at step 304, along with the t| me of such storage. The particul ar
paraneters that are stored depend upon which infusion node was 3 July 2006
" WD 03/059422 12 PCT/ US02/ 38901 programmed. Several exanples of infusion
par anet er syhibiathedfifisidhrdards feosrdedaihicdfis dotanmithal byohe real-tisiealbck06,5s AES
illustrated in Table 2 set forth below . TABLE 2 | NFUSI ON MODEI NFUSI ON
PARAVETERS!@ethelong 3ty the i156® %fde | nf usi on Rate Vol ume To Be | nfused Del ay
Time Total Bag Vol une KVO Rate Auto- Ranpl nfusion Mdde |nfusion Rate Vol unme

To Be | nf ysed—PBetay—TFrme—TotarBay— Vol ume—DBurattomof—tp=Ramp—Duratton of
Down- Ranp [KVO Rate Intermittent|nfusibBaBMide Total Infusion Time Nunber of
_Dosess Dosgq Ti e Doseé V%!\Héﬁ@[‘ : DATA RECORDE_D
Power On - Date and Time |
Program | ': Infusion 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




KVO Rate 10 When the punp enters the run node 260 (FIG 5) &EIMRO08r ni netl at
step 306, the time at which the run node was begun, along with the

par anmet ers pursuant to which the infusion is perforned, are stored at step
'308. At S\S\ﬁg if the hold key is pressed, then the tinme at which the
hol d key 9314 ?‘ggsed along with the2otal volune infuse8CEUSYHBAL ne the
hol d key was pressed are stored 15 at step 312. The punp al so stores any
i'nfusion rate changes, such as changes caused by 3 July 2006 WD 03/ 059422

13 PCT/ USOZ 38901 contl nuous rate to keep vei n- open
(kv ac Broagmd Yyl ol Ol bR OR s At STk RO AEntED.

hi gher. lnbﬂﬁmﬁmbeesir@mu@mm%befzy&ﬂf&&&kﬁn det ect ed at step 314. The
new rate and the tine at which the newrate started are stored at step
316: 5 At step 318 if any alarns are generated, the alarmtype, the tinme"
"at which fhe alarm occurred, and thq.mb volume infused at the ting of
t he al arm p—320— e infusion.is conpleted as

-det es m nedMUSIcnﬂn\m;BE t he program br ar TRETSION $A ere the tijme at

whi ch t hefnfusTomrwasTconptetet—ts—stottet—atenrg :
i nfused. |@oninueps326, if there is a mal ﬂnﬁuszbnMndet he malfunctl on typ , the
time at whi-ch the 10 mal function occurred;, andthe totat—vorume—Tnfusqd at
the tinme pf the mal function are - recor d¢dnfisionRa 328 At step. 330, if|] the-
infusion Js resuned (when the punp is tyrhed bac er having  Dbegn
turned off during an infusion), the timjﬁfﬂ% é?e S‘i fusjon is resdned
along with the infusion paraneters are gt step 332. Upon the
.conpl etion of the programmng of a is I(,c!<th sem-em“e as—determined 4t
step 334 [i.e. after step 216 of FIG S%Totabsaﬁwgﬁmag whi ch the

programm ng of the | ockout was conpl et e¢—Ts Stored—atong—wt+h—t+he——rfysi on
nodes th were | ocked out. At step 338KV{pBatet he detection of a bol gs
request, e tinme at which the bolus wa quested 1S stored at—stepy340,
al ong wi tjR M cati on whet her the bo ?&f“ﬂ%!sMoéﬁt ual Iy given and th¢

anount of| the bolus. 20 FIG 7 iIIustr'a;@%@{ ta organi zation of a
portion the RAM 104 in which -infusi{ he data stor-ed.durinﬁg t he

steps of [FIG 6) is stored. Referring t )vﬁiuﬁe-ﬁ,\]gghgusehnf usi on data i
stored ir a nunber of nenory |ocations BF2—Bete—ray—be—wi-tten—t-o-the
menory | dcations 372 utilizing a pointef DBEﬁ'Itnhech speci fies the menoy y
| ocation fat which data should be next BT

. Total Bag Volume
Daration of Up-Ramp
Duration of Down-Ramp
KVYO 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 changés, such as changes caused by




25 FIG 8 is a flowhart of a routine 380 for storing data 32986 menory
|.ocations 372. Referring to FIG 8, at step 382 the pointer 376 is set to
- the address of the next nmenory |ocation 372 in which data is to be stored.
At step 384, if the pointer 376 is at the last nenory |ocation in which
data may bgn the routine branches to step 386 wher inter is:
set to thgﬁgg’g@ges% of the first rremr)hg; | ocation in which ng‘%&rq’sasgﬂbe
stored. As a 30 consequence of steps 384, 386, the contents of the nenory

| ocations 372 are periodically overwitten with new data; however, the
nunber of. | s LGl ent | r so._that. several nonths
of dat a, féﬁgg{( r#pdlﬁgfgulngﬂl??%réﬁ tggﬁégéﬁé{’%&sﬁ% %{V‘L@v{ﬁ @t PR eAePteEPJétB’ét 388 and
390 t he daneds, shamgimgditbr A KR ravetoor highed irefthdionraly tesp@ehdd aidviivh e poi nt er
376 (the 3 iuk%la%OOG Wé&%/ 059422 &é}q PCT/ USQ2/ 38901 data includes a tine
stanp genelesE FERP S5 Tt grd (e dide af gdich e payerate siened aspyoied ¢i ng  t he
particul arsdgdigsi on event). FIGS. 9, 10, and 12 are flowcharts of various
routines that are perfornmed by the renote nonitor/controller 20. As :
descri bed i n notistapet1Si if anpplouns arh geneeaint, theSilammrtypey theand atovtie theammy be

used to noni 3 n ot the infusi punp 12, 't control the
oper ati on d(g:f; ﬁl?%?égﬁ?lggﬁéﬁ °E‘§%‘“§’f?‘93‘r%h9 {B'i"ef’{oﬁ’? Fﬁ?@&fﬂ?ﬂﬁ%&f#@ﬁpé&@-éf and
patient dasmfisians compleriius daernibemat bibp 302 [ heprostel brdAdids (e R4 vakkEe ved
by a healthcare professional at a Ioca{)i on renote fromthe patient. Ql'he
renot e norit BF abihich thedpiusionivias gemplged ds stored] along wiibdhenotdh volufie énfesetl, t ypes

of 10 i nfusSk - =10 ],k I gh .t f. .i pf usi on punp
the T emt & e Bo e 1A SHEREG D R SELILAR S0P 0 A Bhich B
i dentd f i catdlbmctianutdcnaed;@d thertdtal vadeine afiised atthetime aTtheingafun&ibnl K bet ween

the renote nonitor/c roller 20 and the infusion punp 12 is established.
Ref erri ng rwr%d@?sé?%g%. step 402 the rempte nonitor/controller 20 '
el

transmts a pums stefe3bi it tHedhfusion (s RurkAGWRSE thb uﬁlg% ﬂuﬂweg%aﬁpono %\ﬁ yi a
the communication 15 I'ink 38. In response to the punp reques l%gpurrp
12 t r ansnibesn Bunad|off dusiigag dafasion)Dthe dipepent ik theinfusionrie rstumed along with the

nonitor/c - e i ngl.ude, ., f.or anpl e, opne _or nore
char act er gﬂi{u%lghk) ?{Taflulg NG %Egtotegr?%&%%aée?hgﬁﬁﬁ&@ }?éIOBPFﬁ’BEE"mP@PS '
i dentsi fyi dgckbhesequante wadeteritiriedia0ftep B34 He. 4T Bep A6 6L, gﬁﬁe thCat RG] ©
monitor/ controller, 20.re d]sé the characters-sent fromthe punp 12 until
2l | Char adhepOSaRBinERLnG Ikont Wrs compleirdds Hered slepe 1 xpinfustonmades tat

predet er MygidekdFoul At s84h 338; whonfthe/ gcggﬁ e e L riod may
be determned by a ti nsgéra) (no‘%mslr%w%)t. g@%ﬂ%@%ﬁﬁ%‘?ﬁ%%ﬁg{)ﬁgr 20 may
det ermi ne bohigtvaarequesiechis atoreshat step 340, adnng withomi indication, wiethier eeaiulis as
Ldenti Tyl nge 0RPei0kn SR e LEHM: D H: Yo1us.

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 wﬁich
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




characters, such as a carriage-return character <CR> fol | ovielfV1#{0%’ 2

| i ne-feed character cLF>. 25 Step 408 determ nes whether a correct

- response was received fromthe punp 12, which may be determ ned checking
the characters received fromthe punp 12 against a list of possible I'D
codes. |f ¥O@¥P¥é¥t response was recedived, the routine bredtaisexspde step 410
where the punp type is deternined, for exanple, by conparing the received

- punp ID code wth at |east one possible ID code which identifies a
“particular type of infusion punp, or by 30 conparing the received punp ID
code wi t hdata inchisies a tiimestasyh pineraleld fommbe readdinie d@clmlﬁ&ﬂnd evels datafspmfym,g

particul a e f.usi on.punp. As used herein, the "type" of infusion
punp my%é%&icgpafbm{}ﬂg W&Q of the punp or the software version of the

punp. 3 July 20085901030 94RACMeHRETHIHBIBHes har e RifoRhid ByRBRONSE WS

~not received as determ ned by step 408, at step 412 the routire determ nes
whet her t FrEnqie mgaiter/spnelier:20nds deseribad inepseidesail bslowhdiememele has  expi r ed

PriOF {0 HRRRhcofll AN B O SIBTAR HE peliod B pkiRLAHbIAS 1BnANChes 1o

414 ere an error Ssage 1'S genera ilure to
res pond t ‘oritfok theloperakibn oﬁt}kmﬂiﬁsﬁ punﬁb 12 tag o fodransfer FoEot fearil patiegponse

(not a correct sponse) was_received hefore the tlner expire t he
routine bAgA é‘l‘?@’sﬂe‘f’ &ntusien, pomp 12 59 daksugh data oan besiepiemed by aé’é@&ﬁ“way of

determ ni Hﬁ)’té’ﬂo tconnected to the renote
nonitor/c trgﬂsréel?&?%&fan%q 'S Igg{gé)éﬂ%r}\ the nunber of characters in the
di splay 92 of Thmremu@mmmtoriéontndleaﬁ@isaies:gn&&oﬁnmﬁacdwmedﬁﬁermnfypw aofn punp
may have a.dis f di.s aracters, whereas a second
typd0of i HHR ?@Prﬁfngp‘?f’a 39@ gwgﬁhéﬁ’ &%&%ﬁl@nwma. teemoteng 32
character ﬁxomt&?c%ﬁﬁ‘oﬂér@()‘i?Mﬁ@fy”ﬂoﬂﬁle&%ﬁﬂﬁ%ﬂeﬁﬁdaﬂ{)ﬂlﬁﬂuﬁﬁe BRaagd on the

nunber of characters in the displa At" step 6, the renote
moni t or | caftertls ¢ceaammcatwarlmk1bp@vean ﬁ@m@!ﬁgpﬂwyﬂﬁmﬁsﬂ& @dttl’mmmﬁmmnf usi on

punmp 12 t S n cont nt of its % ay 92.

At step ﬁlﬁgwﬁe&?‘eﬁ%}e@uﬁn@ﬁ%ﬁwcom@ p %ﬁn}egr@g %‘tfﬁ CaNF 2‘11’1ar acters
transm t t gahshismpve-idauifipatich (D) reﬁﬁ@pto‘tﬂ@mf&sﬁmﬂpuﬁﬁ;ﬁﬂpﬁﬂm dvtmipedation] of
time has elapsed or if a_termnating character received, the_routine

brakthes ek 2§ dpresponse ig thepumpdDrequest, ﬂlﬁ@uﬁlpéaé{aéﬁrﬁa%al 4 acfpéﬂ)od
measured fyge tﬂa@k Ed m@fen%t@%ﬁﬁo%h%nér 90, tfﬁﬁ 55k Wﬁ‘fa Ucriad, fr '&m@

character, the routine branches to step 4 e an appropr ate error
nmessage ier lgm@hattaeiars identifying the PEmp mdvel andéer onk opmore ¢lerdersidentifpdg irsed on

the nu rrbego vs];arg \'/es i0n aof ﬁle%%ﬁx%t E[ 8 ﬁlilﬁt, th\é’erén%ote monitor/ controller 20 reads the

characters sent from the pumap 12 until all characters 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.




recel ved.” The routine could also exit step 420 if a predet 42806 nunber of
characters are received. In that case, where the renote nonitor/controller
20 was designed to interface with 25 two different types of infusion
punps, one having a display capability of 12 characters and another having
a di spl ay wowmdsbdzat y of 32 characters;sif the renote nonpenuscessdorol | er 20
received nore than 12 display characters at step 420, it would i medi ately
be able to determine that the punp type corresponded to a punp with a
32-character display capability. The renmote nonitor/controller 20 allows
four basic funlita mmect Bsjmaspwas ok reeeived S0lctennined by gtep 408, a0 ke AL thse

I nfusi on 2, .nmonit theoel:atlon of, h.e u 1 transferring

i nfusi on 8%\’%3 fjil B?I‘h?f efl i Rt %%%P&NCEPWO and

vi ewi ng t@@ﬂ@ﬁﬁor@ﬁcéi%? arf@fm&ﬁbﬁ @Ha?&d{?é}elf% tﬁm'ﬁsné Hand e%sst 41%6' ecting
an operational © node di splayed on the displ ay device 78 (FIG t he
renot e NOMIBETSANEHION sS$age 1sxBnerhtad dereto3haipinp'obiiee\Wrespirdise mun@ ID

PCT/ 802/? g%sr} nouse 82. These nodes include a conmand node in which a

"~ heal h caré prof essional at the renote nonitor/controller 20 may transmt

command si gnal At tiep 42, ﬁfﬁmaypﬁbfﬂwmmé:(n@ta coﬁ@éttré@bnéey waPRREREd BeTored
noni tori na nmpde in which the I nfusion continually transmt

the conte 6#9%%%&?“%'}5@%6 tg sicp 6%#@8&&%& 6 pemPHS seevdrvetyiofr 20,
a downl oa : f he

12"t ot nodeceaifing (D Epe b bulrp 14hAbo B e T b@RRRRO SO Py
i nfusi on which isrbgseﬂen\theemmbencf chaﬂaetertlm [:Heai]spYaﬁ' Qifof ttiecpungnt®. For example, a

: itor/c [ 1 Q. FIG 10.illu t hart_ 450 of the b
ot ook bhr s infSon big ey bive i orblont SHRGNS haurton Glewes o
step 452, aIsécohaw&ﬁﬁnﬁﬁb@gﬁrﬁpmwﬁa@%@m caphblOBER ;ﬂﬁﬁﬂg 5Dk RARO! 'e the

routine branches to ste where a di spl'ay of the kéypad 90 of
i nf usi on §m4l@42@d§ﬁmme A txm@fmf@mna;unwew@bome nipnberdif sharagters Emtha at
step 454 cgln?rl ses a plurality of virtual entry keys having a spati al
configurafh 'substantially the sanme as the entry keys of the keypad 90 of

the particul ar At step gl nhgiempte tigtoribontiollers20 MRS b femp AishA§ réRENCthe
nonitor/controller 20 An exanple of such a visual display Is shown 15 in

FI G1511A. Infysichppg ¢ %B)WB‘E%H“‘?H'&PPE%E)WPU&M bl it 92 ALEEP 11A i s
the sanme agg Wierenford ﬁ&aﬁudmme%b R:fadslthgdﬂ cﬂ-a.?fact b nhﬁ M. N FIG 3

(except that' the on/off key of the punp s repl ace a reset key in
t he virtuphmpdd, Af sep 430) if afiredetermingd pérelde)fttmte)lpeelapsed or 1fa tcmnnatmg

character is received, the routine branches to step 422, At step 422, if the predetermined 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




~punp having a different keypad is attached to the rempte nohiWd%P&ontrotler:

© 20, that 20 particular keypad is displayed on the display device 78. An

exanple of a different virtual keypad is shown in FIG 1113" Various
virtual keypad configurations nay be stored in the nenory of the renote
‘moni tor/ cOHOPYIPER 20, each virtual keypad configurati onPRAMISHZE801 punp
type code associated therewith. Sincé the renote nonitor/controller 20
initially determned the type of punp to which it was attached (via the
routi ne of FI &i_‘ it can 25 retrieve frommenory and display the

cor r espon@PIRG &7 Hee pdsy gielpde g command mpde imwhish mbealthidareprofdssiondl mt thal

keypad i | I ol l-onal .control t

R S AR by b A - A
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touch-sensitive, screen or. a. di .Qla creen activated by radirgiﬂi %l%fsensors. '

 The infusToR P c‘fgel%}ﬁg{)’&‘n‘ﬂiua‘h% @&ﬂi%‘gﬁ%ﬂ%ﬁﬁ@m/WEOHQISZOKQQWOQD and
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and 458, any conmands entered by the he essi are
transmi t t8epitaugontieller 20 asidarvign dasa tde imethizh tdstiafisiod @ataangy Ubdewsdgn di spl ay

of the p : I, Srot rr 1o the.reqpte nonitor/controller 20 and

i spl-ayeéﬁgﬁ&{gﬁﬁgi%p&%ﬁ 8%3?%%“"3%"“81"”? ‘renote 3 July 2006 WD 03/ 059422

~ 17 PCT/ US02/ 3881 10tihistrates a owtiiaed 45070f 2R badlk opbiafioftihe [dmdie user exits
t he command _rm}:l the routine branches backo?o s(t)ep 4%5%111(%? step 465, if

e ] ]
‘the heal tROMtrEonrlicE 20; Raferring & G 40, at iep #62\iif the usardelected éhercotinand

br hes - : ' | .. di.splay.of .t he pu di ay 92 i s shown
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92, are tthaivgision puinp 62 isshowe o tie di@mytdewcsoalm.ﬁﬁlay?éﬂovﬂ%@sté%?ﬁ ep 4226
step :

those contents are displayed in the visual display™ generated

At, step BEEISEH2 ﬁH’é’h’@g%f‘X@iﬁ] st keys hving & ﬁPﬁ%ﬁ@,ﬂﬁgﬁI@Wmmﬁmﬂﬁﬂbahe hes

back to Sh@b aé e enByR8IVbIIRe kdyDQ) SN ERiod 3Gk O SLER, 467 so that

the contents of thgy pz'rrp di ségpay 92 tg?gﬁg%‘%%ﬁﬁﬁlglggﬁémgﬁW%w hishe display

devi ce 7&0BReciddp thregmEte teondios/pdrisplle20l Anadxatnpl: df Bidhsd Rudd ditplag & HARAOES | N
accgrdan EY&IIHA[ he punp operation so that the punp operation can be

moni t ored by Vi éw ng the display 92). Step 467 nmay be acconplished, for
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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




wheré the' data transfer is acconplished, as described bel ow Wy 28%necti on
wth FIGS. 13-14. |If the user inputs a view data | og request as determ ned
at step 474, the routine branches to step 476 where data previously

downl oaded at step 472 can be viewed on the display device 78 of the
renot e noRLEMdsepRtroller 20. The user may exit the nodep fsgdoput i ne 450
via 20 stgt)64%8 FIG 12 illustrates j(’)?ﬂo routine that cou?ﬁhg(g used to :
i npl ement the transmt conmmand step 458 shown schematically in FIG 10.
Referring to FIG 12, the punp comand is transnitted fromthe renote

nmoni tor/controll er 0 andth n.t he nf,usion, pu 12 transmts.
to the refyi&o #Sﬂ?tf%%r %n%trsg‘%@ ié”éhe%erec 5ﬂ‘8f°°?t’i‘ nd ht&g % that the
renot e NDKdndhdsHABE fo0dtded5220 knows t hat command was recei ved properly by

the  punp 21. The characters making up the echo are received at st eps
482484, and if AtEp4ehdt the heplgh caéapno&étmnaéppl@twddhe mgargl@ot% ireyingyed to

t he healt | h r Il er
20 sends ?i’nzﬁlgé V\;% gg @t@t o‘{‘lﬁ\ﬂug}s@g%éﬁ? %P""D d“ﬁ%gg?tgs {H% rt{a%@%éjpof
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. shown schemati cal |
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that are %@ﬁér@t@@ﬁ@téiﬂéﬁhﬁt k8 |4§9 he B4 Bxikhe FbRNGHRSdeS iR kol bidkidsnes
500, 550 are shown in 14. 3 July 2006 WO 03/ 059422 18
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118 @f t heyreapihfudioh pumpAQ chagies W&céxﬁﬁﬁﬁe@vﬂﬁﬂ@pﬁtﬁﬁ bpaaxicsrodo thdt B punifhen a

downl oad data command is sent to the infusi on&p 7 12 (as 5 determ ned at
tep

step 466 opertia cande mepitpsrdbyvieming thelisplayi) Q?gliney ba accopoplisheditfpig t hat
a data tr ol l er
S0 Te b Rple O iR TP QBT RechorkOunk B AINE SBRLEE BN} O

| nst ead of41§eﬂaﬂ|dexynbédatmive).he I nfusion data and patlent data stored in the
RAM 104 to the te.monitog/controll er in._a ti nuo

ST eam t he. o biof Bediniars mrSlesSm inuts Sur eun aSuRlohP s frRee PR at oo
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m croseconds. Referri n&;o FIG 13, when the routine begins_ at steEdSOZ, a

char act er wherebe datgdranster is aprompliskadnas desaribed belpwdn C@nnepw@l vidla BIGS% 184ff er
118. A
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step 476 where data previously downloaded at step 472 can be viewed on the display de\nce

78 of the remote monitor/controller 20. The user may exit the mode select routine 450 via
20 step478. |
| FIG. 12 illustrates one routine that could be used to implement the transxttit
contmand step 458 shown schcmatically 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.




504, where the data dunp flag is set to logic "0," effectiv&duy308% i nating
“the data dunp 15 operation, and an error nessage is transmtted to the
“renote nonitor/controller 20 at step 506. This is done to prevent the data
~dunp oper at | minterfering with any commands that are transmtted
fromthe %dnﬁoég%ni tor/controller 20180 the infusion puffTAB02/i8P0L he data
dunp flag was not active as determ ned at step 502, the routine branches

to step 508 where the nessage just received in the receive buffer 118 is
.checked to 20 deternine V\/aettb@r it is a data dunp command. If it is not,
then the rout i n8®FoeheRawineU0shown sifGyhd sdnyoked ppemthe Zenerstimrafa t o t he

command. |deef | ' . .ine branches to
step 512 whe rvgq%t@ﬁtﬁé aﬁs mb ? “’%8??1’%%}1@@@ ?ggeqé@@ﬁ&?&t%é@%%#eﬁ%ﬁ%%ﬁgﬁest
data i.n t hes RaNra@ivedrintheraseiveciuffeel 18 dithacdnmiied 00t feh Bie fehBte” €Nt e

nmoni tor/controller 20. tep,514, the data dynp flag is set 25 to logic
TIn Si nee Pt coRt eﬁ@h}gﬁe@r %ﬁﬁ%i%ﬁ@%iﬁﬁﬁﬂh@. pinfasienpBml2 (e dat a
byt es spegkibimidle®yt Std}P44d GHIEG 10)PAI ' hbkiE e ;i HOm M 104,
and at step 518et he éiﬁ?)si tion ot)pfﬁdeﬁ?é[gﬁgﬁ%%sssggﬁrﬁ%g E’léﬁclﬁ%%gglgdfgﬁat@e g.

i ncr enent Eaysferorslympt freng therpumpit teglhe rofote thenitveicontdalea 20 8 in pregrdse. The

transmtt . ' .retrieved at,, st 5161 s, formatted

in ASCI | a -“?E’sef%‘tjgg’ﬁégﬁ%e‘#lpgﬁg ?%%% Stqa °gﬁ%P€F’&fi‘O%f ipfusionggts g
the 30 refmd paiehedhts storeddy e RAM 10416 Helrb@btehdffol/BsatioNEA80 fifh T transmt -
buffer 116 to the renmpte nmonitor/controller 20 over the data [1° 38. When

‘the first CopnROwsieams thediaia is sant iy sseanenied porsinnsyeachinffhich i Separated inahmseri t

I Nt /T UPt fref 3 : r to indicate that the transmt
buf for 1-1%"@%%%‘%%“%5’& Q?egig%f %6%‘%8@?}?58 819 PCT/ US02/ 38901
anot her data bRefermugntoddG: i3 veeh theadutindtegins hestgese, atch&Actef ortdi@sdgeansmi t
interruptPﬂLQe tranqs#n’t .rg(gti e 550 js perfornmed. Referring to FI'G 14, at
step 552 Qye NeGR JusE Tecpivedyiny the regerwe, byifes § 18.AtstamciO2qif ther datméunp fag iss not
active, neaiveNs that & adtd trahkids i ' S i d he routine
branches to step 554 where the réﬁ%?@g%ﬁﬁéﬂ%gﬁﬁrgﬂ%ﬁ%ﬁcﬁﬁEé’rs ‘??pt. 5
I f the dab@t ather the detaidumpdiagieset tlegict DS effoctivelietehminnibipethe datadhmp 556,

wherg it ' t L], of t segnment ed portjons of the infusion
dat & hav egxg%%ndyf ?ﬁ%“m&?‘ﬁeﬁégaﬁﬁ i‘gs“‘?PéE}mpegé" &%JS‘HB eadnd F/C?fﬁoﬂé&%ﬂwﬂsaep by

det er mi ni 5@p. Thistib dose Biecht HOHAL EGmp b?er@ﬁtsh kha Mﬁmmﬂ@ c(oﬁh%ndZ) are
pointing to the sane rr%or% |l ocation. [f all the requested data has been
sent, t heALIE MRBSTYiEH foEthe Frragiemonitas/conjelies 20 ethe iefnsion puinpd2r r upt i s

di sabl ed, and j wher 4 fl.ag i.s resef to
logic "0," eff e%ﬁ&@%gﬁgg atéﬁ&e% At aﬁtd%{aéﬁgggégtsg%ggrb thg%’ut’rnf%bﬁ@f:ﬁ%ﬁ | the
dat a has eéap S08awheie theguessage jist scaivedbil the reséiepbail&, 118 hecHeokddithe br anches

20 determine whether it is a data dump cornmand. If it is not, then the routine branches to step

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




to step 562 where the data byte specified by the transmt polum28p6513 is
retrieved fromthe RAM 104. At step 564 the position of the transmt

. pointer is updated to point to the address 15 of the next data byte to be
transmtted. At step 566, the data byte retrieved at step 562 is fornatted
in ASCl I, v@@%,@-,b,;ﬁt ep 568 the reformatted data byte is tﬁ@ﬂggﬂzﬁg,gg@g fromthe
i nfusi on punp transmt buffer 116 to t4e renpte nonitor/controller 20 over
the data link 38. The transmit interrupts generated by the controller 100
to transfer the segnented data portions to the renote nonitor/controller
20 are asghdR@Waih Hyd\Gih aewaﬁém&wmtﬁ@genhﬁh@ﬁ BHHI:& s%ﬁt gg fad I n
response to input of the-shaft encoder sensor h I's necessary to
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punp 12 to p %e"%[%%kﬂzﬁ esir %13ﬁ FEH B Meapipe &gﬁ'ﬂgﬂ? flump apefalionis QPR can

occur whi bﬂ)gtdae, theirouting biandhies togep $52 vk ﬁefroﬂfﬂné 'fbsg&ﬁls@@ﬂie%b} intdr 15 is
an |IIustrat|on of a graphical user menu that nmay be shown on the display
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n the conditron of the

control to distribute the nedical treatnment base

spedPfic papSehwhenedhadatndippfegisiesct todogin(0,} effereinely ohding thesiatciianifer
patient. Aﬁ hovvn in FIG 16, one enbodi nent of the nedical treatnent
adm ni str Ef 11system 610 i ncludes a nedical device 612; which may be an

i nfusi on punp ot all dematadias BeohWaysieREBas de%ﬁn&%&@ﬁ&ﬁ?ﬁ@&e@m%%é%%l

al gorithm 626 coupl ed to the nedical device 612, and a sensor 616 coupl ed

‘to the pafd¥eR>06%1ksre ﬁ?éiaw@mepsapcl’é@d/bwe rapsTRiEgOIper Thids strieved diomethy of
devi ces, e, f% step64 MRt apdéitfgh L the gé‘?{ﬁiepﬂ uBEﬁ{Pcf to eﬁ{’%}tt‘?, bl 882 ss
evi ces n eS|a VI CES,

i nsulin delivery , anest Ivery-de owever, one of
or dithary ekihe mextrdatarte!ttauotbe\lxausmittudxwetrswéﬁd, thérédta byth estriewediac stbp SgdMsces coul d

5 be utilized with t th £, th
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one enbodi nent he i nfusion punp 1 illustrated in 3, is utilized as
the nmedical d@kﬁ wsmtznwaﬁptaameﬁatgd By tha goniralleg 0o ﬁl'@mfb'eth‘é segmented dpiat i ent

618. Typi 5akibds tolth€remote monitor/controlier 20 are assigned a lower priority than the interrupts

20 generated in response to input of the shaft encoder sensor 130, which is necessary to prov1de
the desired infusion rate. Consequently, 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




10 nedical device 612 has a supply of nedication (not showdJux?80& nears
for delivering the nedication (not shown) to the patient 618. Wth the

i nfusion punp 12, the supply of nedication is typically a liquid nedicant
retained i rj,nge or 1V-type bag. Additionally, wth an infusion punp
12 the neav?\ga?'@ﬁd&el i vering the medica®®on includes a |i J&TAUSOHP8L i on
device, often a hollow needl e or catheter, adapted to be connected to the
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provi di ng; h@p}ﬁt ‘fOE t he. sensing device is where the nedi c% vice 612 is

a i nsul i A I8 TRRACARt ERIEh ThessAnAdit andito the patinet vie the iqwyd injeviionl devieputd 4 0 t he

sensor i rohwedler fg coftollivPe hmbRRdn he, patjent. |n one
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of cert ak; ' . rs.of the patient. The nonitor has sensors 616,

Cnel udi ng@elg&é?etﬁ?&u? %gfgf\]irﬁl the specu%]c mgcﬁcal device. For example, a ventilator '
20 provides oxygen to the patient, 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 ipformation from the patient 18 concerning the physiological condition of the
25 patient 618, As is understood by one of ordinary skﬂl in the art, such physiological |
,cqnditions may include, but are not limited to, the patient’s heart rate, the paﬁenf’s body
temperature, the patient’s blood pressure, the patient’s activity level, the patient’s cellular
metabolism, the patient’s cellular proliferation; the patient’s metabolic dexiland, 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.
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a chest ekpansi on sensor, an accel eroneter, a chest i cr ophbfidy 2086
baronetric pressure sensor, a body tenperature sensor and an anbient
tenperature sensor. Each of the sensors provides an output signal to an-
anal og-to-digital converter (ADC). 10 In such an enbodi nent, the sensors
616 may be_pr 97\% in a body strap (not shown) which, rise a
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patient's torso; undera,rmtenPeraturenggnsor .Whj ch senses the tenperature
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30 to detect e|lectrica | gnal ener at by the In tion t he
patient's grdf'“'n‘h% 8]??&3.{)‘ 'Slﬁrtfg CEEéﬁﬁg’(Péf @@P&gé%ﬁmr%‘f‘%ﬁqur?g%ﬂﬁ? ﬁe&tﬁlﬁbn of
the patient's hﬁ@rﬁaﬁagtdffhfamememrwﬂslaréq@w bithelshigp as kbs bpprofristefbirci ne.
- 3 July 2006 ' WO 031059422 22 Al so as shown in FIG 16, sensor 617 may be
provi ded i the peiaietes fortrgramsiers)rwhichyib detpets Baeinolghe sespms §i16 guayides apelegricd 7
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t he physi oiggil pricessimgradd autpusd thednao pm biadopttoatigitad conveeer; emiihtmayrbeghrtiohie
environment, 5 respectively, wthout interventi fromthe.patient 618.
Dependi ng #tioler ha vﬁrﬁaﬁ%s&nsqr% ?étaap%ay;ﬁq@sg% soppg(ftarg}lﬁewﬁ?r ,

- mul tppl e sgRsGwhidhlenSeh thdRphind bi the QfifabdlofStBE pAfends chest; barometric pressure

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,




in parallel (FIGS. 16, 19, 22 and 23). The sensors 616, 617 ¥y #86any
~device that is capable of receiving a signal (i.e., information), whether
“from an individual 616, such as a signal concerning the individuals 10
heart rat ewgag@yosbenperature, bl ood pregssure, activity level. cellular:
met abol i sm -cel lular proliferation, m%t%abol i c demand, SpOBCTUSR(3890%t ¢ | or

~based on an environnmental condition 617, such as the anbient tenperature,
- anbient light condition, etc. As shown in FIGS. 19 and 20, such sensors

. 616,617 may include, but are not limted to, vital signs nonitors, blood

_pressure noni t oHE0 31 Shpi %gﬁ(g‘olré SengeR/Q L7 gnmieherpip videthinadditimndo, ac i vi t v
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-WD 03/ 059482 4 vittGhé LiSANIBBEEE]l a control algorithm 626 is shown in FIG 24.

As shown in Fl 24, the, c(gﬁ_trol algorithm 626 is utilized to control the
del i very of methecigiabrrepiyedirpaythesonserH16,617 isclectically tnhefepal 62dtb'as 618

heart r at nbletpdtichnrS080 to Wit i FBsS 97 15%na 31 IRE LA SRS B s, &, ST onal

of the

a part of the controller 628 (also referred to as a processor). Additionally, as shown in FIG.
2 B 18, the controller 628 may be a component of the medical device 612. Depending on the
speciﬁc medical treatment to*be administered 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 enzymes, 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
_activity 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 infofmation 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




patient's heart rate fromone of the sensors 616. The contr&Puu?%6rit hm 626
processes the 5 signal 630 by conparing the signal wth the nmaxi num heart
rate. If the heart rate signal is |ess than the maxi num heart rate signa
‘the control algorithmdevel ops a feed back control 632 to reduce the rate
~of infusi ago@bndole i nfusion punp 12 py 2% If the heart pargsei@nal is not
| ess than the maxi num heart rate si‘ghal the control algorithmfurther
determ-nes if the infusion therapy has been conpleted. If the infusion
therapy has not been conpleted, 10 feedback control 632 is provided to
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612a, 612b
0125, 9120 it R R o) o RS TR L S b s P
626a, 626b Bgtrainmeditant] ia zestltim Ifeﬁhmdk ammolaga? isidaveloped 1A, feddback ¢hnitul 6322006

WO 03/ 059422 24 PCT/ US02/ 3
operates as a contro, gljgna or the medical device 610 to contro] or regulate delivery of the

medical treatment to the patient 618.
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,




respectively. The enbodinent of FIG 22, utilizes two distiHedyZ08%tr ol

al gorithns 626a, 626b, and numerous sensors 616a, 616b and 617. Sensors
616a, 617 transfer 624 signals to control algorithm 626a, which, depending
~on the tr%&?@%a%o be delivered 636 to the patient 618, nmay process. 630
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cont roll er/cglnt rol algorithm3 Jul ¥
- embodiment the control algonthm 626 for the first medical device 612a is the same control

algorithm 626 as for the second medical device 612b.

Because the medical treatment apparatns 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 dévice 642 may be coupled to the controller 628 or directly to the control algorithm
626, Whﬂe the control algorithm 626 may be manually input, it may also be dynanncally
downloaded as from a database or network.
_ - Further, as shown in FIG. 16, the medical device 612 may also have an input dev1ce
30 648 therefor. The input device 648 for the medical device 612 allows a user, typically an
: author;zed 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.




WO 03/ 059422 25 PCT/ US02/ 38901 As shown in FIG 17, a renot&ubo0fol | er 646
(i.e., aremte input device) may be provided for remptely adjusting or
setting the control paraneters of the control algorithm26 and/or
controller 28. U S. Patent No. 5,885,245, assigned to the assignee of the
present iWO®»D3%22, di scl oses a reno control |l er, anongpatthsezasbdings,. and
is expressly incorporated herein by feference, and nade a part hereof. The
renote controller 646 is disposed at a roomlocation (i.e. a second :
| ocation) renote fromthe roomlocation at which the nedical device 612 is
| ocated (i.e., A8 showsin FIGkalj DinotclddRr6RFEUE (1% rﬂr&ﬁbie@i\%ﬁﬁ@vi@é)%ﬂ te
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sensi ng devi ce coupled to the control algorithm the sensing device sending
"~ a signal 068, 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.,

-




10 to the control algorithm wherein the control al gorithm¥pl¥c®8es thé
signal received from the sensing device and devel ops a feedback control
based on a result of processing the signal to determ ne whether nedication
~shoul d be ﬁ/ﬁ)l&s%ﬁ%r d fromthe nedical treatnent device to the patient, and
provi di ng. the™ dthack control to the2fedical treatment dREHEMZB0Lont r ol
‘the delivery of the nedical treatnent to the patient; and, 15 a renote.
control l'er disposed at a second |ocation renote fromthe first |ocation, -
the renote controller having an input_device to control operation of the
‘control algorithm 2. The renotely-corfekdIM8d medication delivery system of
claim1, wherein the renote controller comunicates with the control
algorithmvia an internet. 3. The renotel y-controll ed nedication delivery
system of dVhatiaclaimetds:ein the' 20 renote controller comunicates with the
control algorithmvia an intranet. 4. The renmotely-controlled nedication
delivery systemof claim1, wherein the renote controller - comunicates
with §he control, al g@arieibE | fnBhi Wl Fy%n sing:
remotely-controll ed nedi Cat)?‘%%ﬁﬁléﬁ{i/aﬁl}x}@/ﬁ???gyn&g S(t: dig-rtlr% ,IISI\}\]/ﬁ'er ein the
renote contr ol | @meficabirepings devioshayingrhepphnefineddicatiomandod teshsITekieligérig)

delivery system of. | . reim the nedical .treaf,nent device conprises
.an i nf usi oﬁﬁﬁéﬁ% 8§ lt%gp%?es#\’@%’l lﬁlﬁé}ﬁdﬁeaﬁ'?e&t flevicesie digposediig afiystlagtions he
i nfusion punp havemep! klggriihth ¢onpRaitéd R @NdE gevdskapt ed to be connected to the
~ patient, a conduit connected to the liquid injection device, a punping.

“mechani sm for PSRAsingsevine couplpdite thecentrakalge & senising clewide séndingch digifab t he

a1 B o bl SO0, R BT SOl L

controlling the punping mechani sm
f eedback cthetsensingtdevideandueieloph a fecabhokesvhtrEbis@Fort LreSfPbT Ghcdsife BRsioner v Of

th di cal t to the patient. 3 July 2006 WO 03/059422° 27
Pc% US02/ g@’é’@%“%&ﬁgﬁﬁ%%E%Mﬁ%h&ﬁm@Hvﬁg@f}éﬁe@ﬁh@nediealimmensw@m of |
claiml, wnepelidhidnd pr&gdia ﬂﬁfé@%ﬁé&&o&g@tﬁ'tﬁ&ﬁe@cﬁ E‘@?tﬁ{en%)cé?cltcﬁd cbiftrol Hl%

patient to_receive information fromt patient concernin

- physi ol ogi 4aiverysH dfre edical treetmenipiatthepatient; had,i nf or mati on being converted

i nto,a signal. . The. r tely-controlled pedication deljvery systemo
cl ai lr%a7,' wher eiaﬁmglr%e &ggﬁg%lramp g%g a?zﬁ?%‘imé'(&ﬁ@nrmﬂwom@m the figidocation, the
- renot el y- genmibteadongollérdeliing th diputi@vioead Yomydl opefaidn &R SBnkrol éﬁ@&‘itﬂn” the

2. The remotely-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 claim 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 PCT/ USD2/ 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

- the control algg Eécmﬂbuttdgﬁcé 05ihed 1B ML coflf afforiR th@1dchEpdt A6vice being
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




_ process paraneters of the control algorithm 16. The medi calJun?oee( i very
syst-em of claim 13, further conprising a display connected to the renote
i nput device, the display providing a visual readout of the control
al gorithmyg, e nmedication delivery systemof claim 13, wherein the

Sensor is ngﬂg{gseg}g%:i vely coupled to ? e patient and recei’i@é‘@“ﬂ/ﬁ?ﬁ?ﬁh&tion
concerni ng the physiological condition of the patient. 18. A nedication
delivery system conprising: a programmabl e nmedi cal device |ocated at a

first location,for .adm nisteri . medi cal reatnment to a patient, wherein
the progr arr! BRRERt kb RIe B AdeR oiinmetich testmman mrdbbRpdigidvace
medi cal t r eahsPaient.0 the patient, and wherein the programmabl e nedi cal
device has a first inBut device for entering control commands for. the

progr ammabl e nelfl-cal Theimgicationdelisers|sysem of elhine i 3, dpehreacomptising o fueakinget ¢ 0
th ' | ' LGe, | trol bei ng di t
the Fi o - TERY dostRlel AontEith S od Aol SEHmEoRY Tl Fapt e cousiiBd Bon 1 o

commends . f procésh patanmedrs obihk kohtka mlgotittgn.] ocal controller al so being :
operatively conpected to the patient to receive, a signal fromthe patient,
wherein the |chqe. cﬁ?ﬁ?’ﬁé‘%ﬁ%ﬁﬁ%ﬁmOﬁﬁmliéﬁfﬂwcmﬁénmﬁgdlanhﬁbl e

medi cal deyifmEote®idfthe ferh g@%ﬁ : ol [ | e J.ocal -
~controlier, theerem)%e c%nt of'?ée{?éetc)gﬁer?gs@%%%‘g%ggagislugﬂg%ézogﬁghﬁ%g%ﬂtﬁ%n b
renot e frostgedithmf i rst | ocation at which the progranmable 25 nedical device

I s di sposed, sajd repote controll.er havin ans to allowa user at the
‘second | ocat i o(ra]i to gﬁetxp cq’r?é“H%ﬁY Smgf)aeﬁlé%l.&ﬁm%@empbﬁt i on
del i yery Sysk@VeBfcoppRid™ &R panbitafl Rckives RELRAAG lgﬂfg N ' par code
reader .- ZO@I'h.e Irsf'edi i(;at_i on delivery system o?&g? a‘:;b%u% , %‘g}?ﬂéﬁs;ﬁ% aa‘lPent

i nf or mat i oepngditign oftherprlicstal data is entered via the second input device.

21. The nedi cal;app aim18 further conprising: a display
~device, displ ay%?ﬁeaﬁzéﬁeﬁcagé%gwp nsé’sfﬁ%ms%'spl ay of a virtual input
devi ce subst antd gbpjamaaablempdiodidagict el dt 4 fRtlocalRyi f6LadthinRRkifs a medical
progr anmabl e nedi cal July 2006 29 device, the display neans operatively

3
coupl ed t oTtaHEeRiiQ B paljenavhesdn theprogrammebleanedical deyigeriys a meses font t he second
- j t 4.4 t s\ ' ' A h t Q. trol
e Shor at anlisef e nt ebRen! O B0 BeRd B Pl uta il on

. device has a first input device for entering control commands for the programmable medical

~ device;
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




22. A method of controlling a nedication delivery device whérdy 308

medi cation delivery is triggered by one or nore physiol ogical conditions of
the patient, conprising the steps of. providing a nedication delivery
device; providing a |local controller having a control algorithm providing
a sensor; providing a renote controller, the renote controller having an

i nput device; and, wutilizing the sensor to obtain a signal concerning the
physi ol ogi cal condition of the patient, transferring the signal to the
controller, entering information cont aiz'?ed in the signal in the control

al gorithm developing a result based on resulting data fromthe control

al gorithm devel opi ng feedback control based on the result fromthe control
al gori t hm daviee. theehsnbhu medns gperafey chieatiuplet ito thediésiplayaleyice end owarsfoappr opri at e
based on t 3 hogd of .controllin nmedi cat i on
delivery dgg?‘ié%g\%ﬁg%ét @gg&&g@aﬁ?e@gﬁ @nagﬁ'sé t? glgrvi/rtula mppt g%lé:F godglbof %‘ﬁéls%r nor e
envi r onnentatontrohidie bperason afdipprogiamenablvamedi¢ad peviaf from ti@\secinddoatioRdi cat i on

del i very devi ce,, proyidin | ocal contr.ol]er, having.a control algorithm
providing a sensor; %Flﬁ’\t}?"gi"%@"% @e‘@%W&FﬂWH?%@W%EhS control | er

havi ng an mhedisktiof @vliegy is eredWy dnk Bk Ribrd P sREIERA! cdnitRRS & e Patidngnal
concerning an environnmental condition of "~ the patient's environnent,
transf er r i 9grogeedhegem ofo the controller, entering i nformation contai ned

in the signal i&P{rﬂa&g‘ih(}ﬂécfi&lti{)ﬁlhgﬂkw@ﬁcedevel oping a result based on
a

resulting data from’the contro gorithm devel opi ng feedback control
based on t he r ewavidingradosal bentrobleritavolg aadogrol diguvithrand mani pul ati ng t he

medi cati on deliyvery. device as appropriate based on the feedback control.
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. - |




