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The present invention is directed to an apparatus for nonitoring and/or
controlling a 10 medi cal device, such as an infusion punp, froma renote

| ocation. Background of Invention An infusion punp is used to automatically
admnister liquid nedicant to a patient. The liquid nedicant is supplied
froma source of nedicant and punped into the patient via a 15 catheter or
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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. The manner in which the liquid is infused is controlled by
the infusion pump, which may have various modes of infusion, such as a continuous mode in
which the liquid medicant is continuously infused at a constant rate, or a ramp mode in
which the rate of infusion gradually increases, then remains constant, and then gradually
decreases.

20 Typically, the monitoring of an infusion pump is performed by reviewing a visual
display means incorporated in the infusion 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 control 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
treatment. Such measures assist physicians in accurately and efficiently treating patients.

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



at approxi mately 24-hour intervals. In humans, the body's clock is |ocated
in the suprachiasmatic nucleus (SCN), a distinct group of cells found

wi t hi n t wolwpstsbal amus. The SCN control s or coordi nat es pchassoz/sgvadi an
rhythm.in the human body. Typically, . a human's circadian rhythmis
calibrated by the alternation of light through the eyes and 10 darkness via
nmel atonin secretion by the pineal gland. Furthernore, the cellular
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20 68% of dose between 3 pm and 9 pm;
14% of dose between 9 pm and 3 am; and,
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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
rhythm is merely an estimate of the changes in the patient’s metabolism, and is not based on
the actual patient’s metabolism. Thus, whether the medication delivery actually coincides
with the patient’s actual metabolism is neither evaluated nor determined.

Additionally, 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 hours after light onset;
Cyclophasphamide is typically dosed at 12 hours 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 different mechanisms of action.



5 studi es should be conducted with the animal subjected to a 12 hour |ight,
and 12 hour dark cycle. Nevertheless, it is known that different patients,
and with wegasnsvsen cancer treatnment, even different tunoPsr/isop3syet all on
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Summary of the Invention

20 According to one aspect of the present invention, the medical apparatus has a
programmable medical device for administering a medical treatment to a patient, the
programmable medical device being disposed at a first location, and a remote controller for
controlling the programmable medical device, the remote controller being disposed at a
second location remote from the first location at which the programmable medical device is

25 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,

30 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.



connected to the patient, a conduit connected to the liquid injection

devi ce, a punping nechanismfor punping the liquid nedicant through the
conduit awo odfs®@2t he patient via the Iliquid injection dePCTraSoassion
controller for controlling the punping nmechani sm According to anot her
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pr o ded bel ovirccording fo yet another aspect of the present invention, the medication delivery

system of the present invention comprises a programmable medical device, a local

in

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

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 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.



5 Brief Description of Drawings FIG 1 is a block diagram of an apparatus
for admnistering nedical treatnent to a patient and nonitoring the

condi t i orwofosbm2patient; FIG 2 is a block diagram of thecelusot/ssdni c
conmponents of the renote 10 nonitor/controller shown schematically in FIG
1l; FIG 3 is a front view of one enbodi ment of the infusion punp shown
schematically in FIG 1; FIG 4 is a block diagramof the electronic
conponents of Tihge bid usﬂe@fbaammrﬁfad%rﬁages%ftti&prae@t ifvehSorawill BwepREdnted t he
overal |l operation of the infusion FI G illustrates a nunber of

dat a- r ecdPeRey csdiapy skélt inohaed lﬁﬁﬁwmée%@i daspaptiar of theeraferragsi on punyp;
FIG 71 S t n_punp;
FIG 8 i Zeng)onFrRérﬁ \?/H{c"ﬁ %ﬂ{édg E/V(l)t?l é@%‘f cg Po e|dtrr]§$ r}/ef ﬁe cr1p?18 I” Yviuc 8 e
dat a rel giroviged Blowo the operation of the i nfusi on purrp and data rel ating
to the condition of a patient; FIG 9 is a flowhart of a routine which may
be dsed to identify the type of infusion punp to which the renote

noni t or/ pled; FIG 10 is a flowhart of a node sel ect
routine g@n%f:géskéﬁ%ééoﬁlg i ngl controller; FIGS. 11A-11B illustrate
portions of viBElGll idabdckyBagenerah eplpd@aftuﬁ he aderimib@eridh nivaal gedteent toal | er;
FIG 12 is a flowhart of a command punp routine that is perforned by the
renot e rﬁi‘ﬁ?’ﬂkﬂ‘ﬂéﬁ?ﬂﬁ%ﬂgéhe camdgiomef thepgfiefiowchart of a recei ve routine
that is perfor i art of a
transmt pr out |Iﬁ§j tbﬂ%k f&#?&%@g&g&?%twgﬁ %rntﬂoﬁigfﬁt% Ogﬂ{e 8 FIG 15 is an
|IImstratmaﬁtdril‘coﬁtrg]ﬂamhbwaIscmlcmnin Flgatl; may be d| spl ayed by the renote
nmonitor/contraoller; FIG 16 is a block diagramof a medical treatnent

adni ni strat i orf@@tléﬁqfwt Visw ofismg savpodimaps af theinfugionpumpsiigwn schematically
PCT/ US02/;3 @1 FIG 17 is a block diagramof a variation of the nedical
treatnent adm nistration systemof FIG 16, including renote controlling;
FIG 18 is a WFIGEK islhdipckrdiadraman tHessleot@niaddngponerits o éhentBlisioal pulnieet Fient

3;

15 FIG. 5 is a flowchart of the overall operation of the infusion pump;
FIG. 6 illustrates a number of data-recording steps performed during the operation of
the infusion pump;
FIG. 7 is a representation of a portion of the memory of the infusion pump;
FIG. 8 is a flowchart of a store data routine which can be used to store data relating
20 to the operation of the infusion pump and data relating to the condition of a patient;
FIG. 9 is a flowchart of a routine which may be used to identify the type of infusion
pump 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;
FIG. 12 is a flowchart of a command pump routine that is performed by the remote
monitor/controller;
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. 15 is 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;



adm ni stration systemof FIG 16, including where the controller is a
conponent of the 5 nedical device; FIG 19 is a bl ock di agram of another
vari at i onwofoswobm2nedi cal treatnent admini stration systempafl/uShEzss906,
including a variety of sensing devices; FIG 20 is a bl ock diagram of

anot her variation of the nedical treatnent admnistration systemof FIG
16, including a variety of sensing devices; 10 FIG 21 is a block diagram
of anot her varFi@.i10rs afblddaliggah il viafie@dneithe ndibahiredtmehi AIMmifikehesn of
FIG 16, including where the controller and the sensing device are an

i nt egr al Wstepoefddc. 16} mcluging rgmgtagassellifigagr am of “ anot her vari ation of the

nmedi cal treat ol sty alkl Fl 16, jneluding a plurality
of nedical trea rrelr%tqg g\ﬁ)(lk%edée?gtrér%%fé%@hg%?{agoréggfhg&ed&?%&?gtm anot her
vari at i oradefinistratiofeskstah of FEQIGRHcluaihg Whéerertiad édtifrofySis @boafpolible of 4o

i ncluding a_processor for a plurality of nedical treatnent devices; and,
FI G5 24 imedicy|ds¥ieedi agr am of one type of a control algorithm of the
present invengi . i: LRI . ferse odinment FIG 1
T astrat es. ono g SR SR Yigdhthn B GOMENARGEh pE ARG B IARRL ot ca

t r eat nentadndnBtrpddn gitem BEFEG. rli6Nmhctudig &vardety bheengippaedices 10 incl udes a
programmabl e nedical treatpent neans in the formof an_infusion punp 12,
whi ch is conneldedOtisadlockalinggam of gaefheravriafinp et thesredica) freatment t he f or m of

a cat het 4. V] L QU uj C i hown. 16. The

appar at ugdféﬂllsﬁgﬁrgse})sskégfﬂ?gﬁg?g%h%ltﬁll@g%coée?gﬁ%ern S@‘SQW%CC is disposed at a
room | ocati on Fi€hn2t ds & bisvktdierinofahahet vapiatied ofMhie Gledidag tremineat on punp 12
is located. The renote npnitor/controller 20 could be disposed in a

di f f er ent2dmiBisiration Histean abll i loginglding wherghe¢puinelierandghe sensinggiexiseseel, or

in a diffgrent Hubldibpg,d han the one in which the punp 12 is disposed. The
renot e rmaglllt o%fcgnt goﬁ%e’r 20 is connected to a conventional voice/data

modem 22 vi a aFldhta i$ & blocR4ljagamd of heotherdemnafidn bbthansalicad rosedeatl to a
voice_|link 28. The infusion punp 12 is connected to a

Convent | GKEZRTsHi B HBin SO DBBILY PUDGBIZRITODE doVies dat o
36, °The tan rading 2o sk el OF Ehr AeubFb ARSI ittt 101 Ce and
dat a conmdmisi@tratoon spistenaof FIG. 22, including a processor for a plurality of medical treatment
devices; and,
FIG. 24 is a block diagram of one type of a control algorithm of the present
invention.

20

Detailed Description of Preferred Embodiment

FIG. 1 illustrates one embodiment 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

25 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 different 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



comuni cation link 38, which could be a tel ephone line, for exanmple. FIG 2
is a block diagram of the electronics of the renote nonitor/controller 20
5 shown swbanmsisenl ly in FIG 1. Referring to FIG 2, thePCcanmson38901
nonitor/controller 20 includes a mcroprocessor (MP) 60, a read-only
menory (ROM 62, a randomaccess nenory (RAM 64, and an input/out put
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Both the RAM 104 and the real -ti me ¢loc are connec attery 114
whi ch suppinae rrpxmter/cwrodheao omi 3isé inclute cabsenoee difk dyises Budhoases hard ARk
controll en.. .100 h nsmt buffer 116 and a receive buffer 118

connect ed 18" ?rhae @ﬂi’? ons bus 108. The controller 100 controls the

medigant i nf uskom. Srts*,taef&kv@@wws'ﬁé?éthﬁéﬂﬁl ignal to an
anplifier circuit 120 \I;I aaline 122 té g@p@gﬁ%&g&%%ﬁg%%@%w% ch 30

drives a mh@plaﬁgalbel@fﬁiﬁl $nRafeingstodiiGas, the punpQ hpsiampingne dévi¢aor the emngt
adapted t caont Wi th a portioon of the |i onduit 16 (FIG 1)
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from a sheaktuabhRedees (I usgnsor 130, which is disposed on the shaft of
the notor 124. The SE sensor 130 may be a two-phase WD 03/ 059422

PCT/ US02/ 38901A hlpek dingwanef thy elsatories ofithe tfugpionpinipd 2tinshimgimafIGoyt put s t o

the,gontr Rlsfe?ﬂné‘%oFIGTQ?the pump 12 includes a controller 100, an electrically programmable
read-only memory (EPROM) 102 having a built-in I/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 and 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



rotational speed of the nmotor 124 and its direction of rotation are
determ ned by the <controller 100 based upon the rate and phase

rel at i onswom3bsd4aeen the two signal outputs. The SE encod@CTi302/38901
periodically transmts the signals to the controller 100 via a line 5 132.
Each tinme the signals are transmtted, an interrupt is generated, and the
controller 100 conpares the actual position of the notor shaft with its

desired postidn snsingrdcddeandiich moaideeiwo gl belpuss @M corfitétler §50. The
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the contrgll 100. The punp 12 has a nunber of other features not
descri be&%%eﬁ%‘?lhﬁmwwecﬂg%ﬁl%afed@&mﬁ@é@q intermpt fsaen@weadganph@e npntroller 100

applicati reference: Ser.
o 031 98 R e P pfiag of lsBloB et it 1 bl SRR peboner
Savi ng Ntmbaﬁb], 81gh'cﬂi, suSks alolse OALBABoTTted fsﬂghﬂdtd\thé amPlifidOP0 vietid lineerh2

"I nfusion Pu Wt h Sela(]actl ve Backlight"; U 'S. Ser. No. 08/398,980, filed

Mar. 6, 18§BSurefhat fiegastual spredof die oiep L34 eorraspendsite the mpior apsedgeqmnhegor

Unt ust on Pt el P higion Bl 8 inGeuoty Ftana Bhe 48 SensGf BTk Bt

" | riusi orto Fenpighésst priBigy soLthatcthe}ngeh&pbﬁ(ﬂadstﬁhmniddﬁtelﬁej’efo&ﬁny OfHeB 3&i 538 bre 20
filed Mar "Infusion Punp Wth Hi storical Data

itl
Recor di néakenﬁi’etg‘éﬁg‘?té‘?} §f the infusion punp 12 is control led by a
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100. A flowchart of the overall operation 1s r%ltedfﬁr FIG 5.
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bel ow. At step 20 if there is any renal i ng vol une
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whi ch | d off d
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shoul d be resumed. If the user answers (viat eypadt
progr am dO8hcméisled ¢ IlﬁumelaﬂympdanulBusl b@tcmhg Mdcﬂlambm”pUéluSeuNd 08/(398 887) s

P uso2 e B Braos AruB S Mefia 5% S0 AiTRBL DA RS Tt ch « he user
may be prevent@@ dpefifion of the 1nfu31on 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 FIG. 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 pump 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 previous infusion is not

to be resumed, the program branches to step 212.



progranm ng the infusion paraneters, such as the volunme to. be infused or
the rate of infusion. For exanple, the punp 12 could be programred by a
medi cal aweisan2to deliver a particul ar infusion havi ngca/ysaz/ssseul ar
flow profile, flowrate and volune to be infused. After 5 programm ng that
i nfusi on, the nedical assistant could place the punp in | ockout node,

whi ch woul d prevent the patient from changi ng any of the infusion

paramet ers. AtTisd igfus2oidpump fi2 hhea wokput Tdodeas wieathe et RS by prekéed from

| ockout node, the program branches directly to the ready-to-run step 210,
bypassi ngragiamspag feifusipnspaspyeters; suchag teywlume tq. beingused or sherrgte ofn | ockout
node, th r iC Lt i r oQ{.am
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spawed owgliich @bt thegdryglanngropsits el aseaf vik itedisslbg B2,a6 igput inthdttdr 2 padiktiTe
every three hours; 4) a custom node in_which the punp can be progranmed to
del i ver ahgniddisealiopreddp arparam dhegpirmmduiangcthe sebspguent infasiamt Il theRumpisingt,

and 5) a;palfs..c I ' ' ' i | |
peri odi Ca@%@grﬁpﬁx&bﬁ%%eﬁ@rgg@ gl%g%%sggs X 2??%5%%%220%%%%P %%fﬁl% %&é\%st S
by the paiyireqtestiAf tist wser ili@iput wisiclp infpsidi? ngdeestwutbbolockdtcowd] B phapyulRisttbe
pronpt "Continuous?' to 25 the user. If the user desires to use the punp
inits cAfBAGITEaRbRY therpatiglethe ragiedyppses step 240t he keypad. 90, and the
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not want to use. the, continuoys node, the user answers.  "No," and the
program d?%aélsvefsohqé’cl‘gﬁt Depde thaf %raguailzfzngeasgggo %ﬂgg%l@&b‘iaéﬂ’ Byt FRNSERLRE as
steps 21 et i
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t heZOSt epsvo%%nq.é e\%e:2r§/1 ’thr%e2 gbur% ,3 3) a gursto%nS%odte r1]1§a whichthé' S?Jmp can be programmed to

deliver a unique infusion rate during each of 25 different time periods; and 3) a pain-
controlled analgesic (PCA) mode during which the pump will periodically infuse boluses of
analgesic in response to periodic requests by the patient.
At step 218, the pump 12 generates on the display 92 the prompt “Continuous?” to
25 the user. 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
different infusion parameters, depending on which of the five possible infusion modes is

selected.



branches to the ready-to-run step 210. When the user presses the "Run" key,
the punp 12 enters the run node 260 and i nfuses the patient wwth a liquid
medi cant wo caosaezrance with the infusion node sel ected atrcansonsssst eps
218, 222, 226, 230, 234 and the infusion 5 paraneters entered at one of
steps 220, 224, 228, 232, 236. The punp 12 remains in the run node 260
until the "Hold" key is pressed, as determ ned at step 262. Upon the

occurrence of Afier th @omptaoiodiof ba@of e sebae), 24| ZIR LB brai36sthepreiidm At
step 262, if the hold key is ressed t he i nfusion |s sto pped at step 266,
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at step 2ZihGlaancbrditon, Tanlatarthrqpmt’tpd m‘ tened. At sW@GIOSZI ffehpnsldesy is pressed,
subsequen LI y tur ned on theétépgg6 performthe infusion, the program woul d

proceed fHAMIUEPRE Sapped,at ,t%ldtth%p#réaé% Waifs foirihe rarbken o bevgessed toul d
prevent t i paranmeters. |If the | ockout
node was n t%?ﬁ%g??{’% |cgﬁlm%&;§{fs??gt%§bzg the patient could turn 20
t hetopunp on, mgnmnzmgehajwatﬂm deséritsid@bove dethe Epnfhptlbl enbPugisfdtihtockbun”

key to start the _infusion wthout ever turnln%]the mp, of f. During
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aid in deter how ve . a particular__infusion therapy was and
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Gat a ar e LU 8 PR R QHRAND: BIRBC BievsEE Raorh st ShPr i a
that is rgeairdaen piRaRidie occurrence of each event is listed in the
ri ght-hand col um of Table 1. The tine at WO 03/059422 PCT/ US02/ 38901
whi ch the inf uitenlogkewt maderveasorod etlizedhthemédicad essistanitve thebyatichiecaudditurt i me
cl O%k 106 the Iplslm%|0n program the desired infusion mode, and then press the “Run” key to start the
infusion without ever turning the pump off.
During 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 particular
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 are 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 column of Table 1. The time at



stored along with the infusion data. TABLE 1 5 EVENT DATA RECORDED Power
On Date and Tinme Program I nfusion paraneters. See Table 2 Run Infusion
par anmet erwpo :Ses43abl e 2. Hold Total Vol une Infused 10 RegcarusoFssvel of
Restart Rate Changes Total Volune |Infused, Rate, Volune Alarns Tot al

Vol ume | nfused, Al arm Type |Infusion Conplete Total Vol une Infused

Mal functi ons Total Volune |Infused, Ml function Type 15 Resune | nfusion
par anet er whichaie Tigfhbien data idEecotdedawhieh Radeeldhal Ratheead]-th: Batk €06, it Blso
Nunber Serial No. Serjal _Nunmber Language Change New Language 20 Lockout
Modes LocR@EPd@ieneg Wl“&g%}“éu%@} @t‘?- New Pressure Setting Bol us Request

G ven/ Not G ven, Bolus Amount Titration New Paraneters Power Of Tinme of

Power O f 25—VersromNo—Software—VerstonmNanber—Refer++ng—to—Fabte—+—an
FIG 6, when the power to the infusioTARIP112 is turned on, the date apd
time of the power turn-on i s recorded. en tne pu 'S _conpt etety
progt ammefl pursuant t o FOHENbt steps 220, |224, 228D/¥B2 REGQ 5) as
St ep 304, | BOMFGO0L 1 B the {imm of such —SAYURE SHEE particul ar paransterh
}:?;?—} Us0o; bRl «’Hnenn I hl ”'cﬂgﬂﬂﬁﬁ PW@?F‘?&%Q%Q?%@%@ s t hat
are storefdrfigr each of a nunber of infudilfsiPRdREAdtErsi lSkeighgabed in Taple
2 set for ph—petow—FABEE2—5—+NFUSHEN-VEBENFESH-EON-PARAMETERS
Hold Total Volume Infused
10 Restart Time of Restart
Rate Changes Total Volume Infused, Rate, Volume
Alarms Total Volume Infused, Alarm Type
Infusion Complete Total Volume Infused
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 Language
20 Lockout Modes Locked Out
Pressure Select New Pressure Setting
Bolus Request A Given/Not Given, Bolus Amount
Titration New Parameters
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 pump 12 is turned
on, the date and time of the power turn-on is recorded. When the pump is completely
programmed pursuant to one of steps 220, 224, 228, 232, 236 (FIG. 5) as determined at step

30 302, the programmed infusion parameters are stored at step 304, along with the time of such

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



Cont i nuous I nfusion Mdde Infusion Rate Volunme To Be Infused Delay Tine
Total Bag Volune KVO Rate Auto-Ranp |Infusion Mde |Infusion Rate Vol une To
Be | nfusewo oBesay2 Ti ne Total Bag Vol unme Duration of Up- Raep/usbussabi on of
Down- Ranp KVO Rate Intermttent Infusion Mbde Total Infusion Tinme Nunber
of Doses Dose Tine Dose Volune KVO Rate 10 When the punp enters the run
node 260 (FIG 5) as determned at step 306, the tine at which the run
node was pregtampmed.Begemsl exnnigies qfanfanieh pasmnpers taan bret sboradh fateatinef & nhmbeon

is perforned, are stored. at step . At st 10, if the hold key is
pressed, ‘%ﬁ@ﬂ‘sf‘ﬂ’e‘nf’ ff?earafl?qﬁﬂ?feﬁﬂiﬁgﬁﬁ8|satf§&§%§%v- pressed along with the
total volume infused at the tinme the hold key was pressed are stored 15 at
step 312.Fhepunmp—atso storesany infustomrrate cthanges, —such—as——chanygs
caused byl WD 03/ 059422 PCT/ US02/ 38901TABME Zhi ng from a continuous rate |to
a keep-vegin-open (RVO] rate, or 1n the thiermtitent _nbde, changing 1roma
KVO at e |t WMO Bt usi on rate, the )F@E@ﬁ&N&A%WE&% det ect ed |at
step 314. CThE{ new rate and the tinme at W%&h the newrate started are
stored at| “W'BY8%6. 5 At step 318, if any At arntoHre generated, the algdrm
type, thg time at which the alarm occur %usi@ﬂ%{é‘ne total volune infusqd
at the tijme of the alarmare recorded at |step—320—1f

Volume To Be Infused

Delay Time

Total Bag Volume

KVO Rate

Auto-Ramp Infusion Mode

Infusion Rate

Volume To Be Infused

Delay Time

Total Bag Volume

Duration of Up-Ramp

Duration of Down-Ramp

KVO Rate

Intermittent Infusion Mode

Total 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 volume infused at the time the hold key was pressed are stored

15 at step 312. The pump also stores any infusion rate changes, such as changes caused by



the infusion is conpleted as determ ned at step 322, the program branches
to step 324 where the tinme at which the infusion was conpleted is stored
al ong wi twotoaesdet al vol une infused. At step 326, if thePeTis0a38901

mal function, the mal function type, the tinme at which the 10 mal function
occurred, and the total volume infused at the tine of the malfunction are
recorded at step 328. At step 330, if the infusion is resuned (when the

punp is tswinhthgofael actondhi@ss rie\d AGeePOER-dpeh (BY O frhte datrih Mgk Rberhfikdasi on) ,
the time at _whjch the infusion is resuned along with the infusion
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37210 Refmaslfumgioh ocrfad, 8nd ik tsthiepl3Ba 1ﬁfh§edmltlli‘d e 37 thel rﬁalﬁﬁffctibﬁ) atehe

addr ess of t e next %pm)ry | ocation 372 in which data is to be stored. At
step 384,Tefqr ?%%t%‘?ﬂ %r 376 is at the last nenory |location in which data
may be stored, [ set
to the addr essA%%{&% %ﬁ’@‘?f {rﬁgtl%nggg%éf%@%ﬁ@%nﬁﬁgaﬁﬁ @ S'et(!fh{;ka bﬁaiggo aﬁ ]ioaﬁlé%g As
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event) . PBE- AP Sl RODY 5 HeRet 5Ol DRIt Tegestribe timeed whightthare
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20 FIG. 7 illustrates the data organization of a portion of the RAM 104 in which
infusion data (the data stored during the steps of FIG. 6) is stored. Referring to FIG. 7, the
infusion data is stored in a number of memory locations 372. Data may be written to the
memory locations 372 utilizing a pointer 376 which specifies the memory location at which
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



control the operation of the infusion punp 12, and/or to transfer infusion
data and patient data fromthe infusion punp 12 so that such data can be
reviewed wp od/obssat t h care professional at a |ocation rempca/fsonssodhe
patient. The renote nonitor/controller 20 is designed to interface with
different types of 10 infusion punps. In order to determ ne which type of
i nfusion punp the renote nonitor/controller 20 is operatively coupled, a
punp i deRphiafih@addsatirhe vainpeeAO@icaetdn Fadal- @he efock 166 andrevemt da{hlspemfymg(
between the renote nmonitor/controller 20 and the infusion punp 12 is
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i dentifying on rnore ermna cters such as a carriage-return
chapact erinf&ica puslps Olesgtdénto aleﬂetrﬂﬂrefvﬁﬁch gdpa oflatfesion plukp theXfenBte p 408

determ nes whether a correct response was received fromthe whi ch
may be déﬁ@ﬁﬁw/ﬁ@@Ff@ll?énglﬁ@P@crﬁéVe&h%%deF‘é’u’rn@dé‘i’r\;‘é’&a‘??rb?ﬁ“flﬂé4§@g‘gﬁ qriiedyai nst
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ere the punp type I's determned, for
exanpl e, ;J@ynpcpzm@rstabnsﬁeheRefeﬁMgvtecFIGumm biap@mehe neirtoke Abnitedsntroter 2:(b55| bl e
| D code which identifies a Pal‘tl cular type of infusion
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response was not receiyved as determn tep 408, at, step 412 the
routine JBTRYTRICARECIFIdAFIY LD %P@H%F@%Fr{) T{O0RET FIOTS B}barﬁcég‘é eé‘&%f}?g e

o i SPITARLERHGRST B ] FOSLP00, A Sk rabion SHEUIET i nge, (1
ge is generated due to
t he punp' chafagtersisemt fronr ths pomg 1Rontihell pharpcted ardreceigedas 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 shown). The remote 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 comparing 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.



At step 412, if sonme type of response (not a correct response) was received
before the tinmer expired, the routine branches to step 416. Steps 416-426
conpri se wosmemd2 way of determ ning the type of infusi orCEurge2/3o1
connected to the renote nonitor/controller 20, which is based on the
nunber of characters in the display 92 of the punp 12. For exanple, a 10
first type of infusion punp may have a display capable of displaying 12
characters, wién eaﬁectaemmwdast yqﬁeemﬂveidraﬁ dsieamningd vy stepyiOBamestep 41i2sthe ay
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renote nonito er 20 La the WO /1USQ2/ 38901 . nouse 82.
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the type of pump is determined based on the number of display characters that were

received.
The routine could 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 diffe;ent 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 able 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, monitoring the operation of the pump 12,
transferring infusion data from the pump 12 to the remote monitor/controller 20, and
viewing the data. The user may perform one of those functions by selecting an operational

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



5 data node in which infusion data is transferred fromthe punp 12 to the
renote nonitor/controller 20, and a view data node in which the infusion
data nay we osiosmezl on the display 78 of the renopte nonit ecramer/ssebi er 20.
FIG 10 illustrates a flowhart 450 of the basic operation of the renote
nonitor/controller 20. Referring to FIG 10, at step 452, if the user

sel ected the command 10 node descri bed above, the routine branches to step

454 wher enausel 82 pTlsgse afodel inchelepadnBfandimodeia whithis healthpedrp plotedsfonah@whe on

t he di splay device 78. The display shown at step_454 conprises a plurality
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di spl ay devic 8. An exanple of a different virtual keypad is shown in
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which it was_attached_ (via the routjne of FIG 9), it can 25 retrieve from
menory atf W%?%Qumﬂé&é%&ro@%h‘gia AtsPlay Cevige "Relhedisplay showsm akerA%k  punp.
After theouintkial pIEMRRES i féﬁ?ééé J.fﬁp ' y
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virtual lsewms apiltetenttyekeys o6 the&2ypadQthafthevpyrsicdbr sdhstat purgp type wdyisiscoul d be
utilized, such as t ouch-sensitive . screen or a. djisp]ay screen activated
by T adi aisPBRFCLEH SR TGl RN GLERTOEAD- £ FETRHRIEh ASGHhAELE6 Ber ed
vi gsits kgyp@adi90 and to commands generated fromthe renote
nonitor/controller 20. At steps 456 and 458, any conmmands entered by the
heal th care pribstesidd bnadted that theamdwdl keyohd shown e FIGS LisA orthpsarpe 492theand at
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user exits the command node, the'routine branches back to step
st ep 465 pupp havingredifferent deypagdripditaschedivahe sahac muwhitoheontmoller 30, thatde, t he

r O%)i ne particular keypad is displayed on the display device 78. An example of a different virtual
keypad is shown in FIG. 11B. Various virtual keypad configurations may be stored in the
memory of the remote monitor/controller 20, each virtual keypad configuration having a
pump type code associated therewith. Since the remote monitor/controller 20 initially
determined the type of pump to which it was attached (via the routine of FIG. 9), it can

25 retrieve from memory and display the corresponding virtual 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 pump 12 responds to commands

30 entered via its keypad 90 and to commands generated from the remote monitor/controller 20.
At steps 456 and 458, any commands entered by the health care professional are transmitted
to the infusion 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



branches to step 466 where a visual display of the punp display 92 is shown
on the display 5 device 78. At step 467, the contents of the punp display
92 are trawpIBmswezl to the renpte nmonitor/controller 20, amdTatSoxs89p1 468
those contents are displayed in the visual display generated at step 466.
At step 469, if the user exits the nonitor node, the routine branches back
to step 452; otherw se, the routine branches back to step 467 so that the
contents . ROTR; 8 S i i splay
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routine 450 via 20 step 478. FIG. 12 illusfrates on qutine that.cqul d be
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displayed to the health care professional. At step 490, the renote

noni t or / cont r olflties headthsaradprofpssigridiaputea rrswesitto downloed detadrarn thehminppi b tol 2.
The transfer of data from the,jnfusion. 12 t he renpte

ronl o | CURES B e EoseSa e 2R 3 RGBT 1P 1 e uliBE B hss o sipp 472
acconpl i SPRéke theddaa frafFEM8 abdtn@slIsHBd, a5 @BCrGEd bEIBW ih REnRB oA REthaFTIGRN St
interrupt service routine 550 that are performed by the infusion C%}éj}‘rrp 12.
FI owchar t ¥ tisf usehinputsua viawsla0log re@Bstasalctanainediah siep 634, the reute baanchags to

nvoked cBoh: (hangE darryRigy SRR OhesnPia s i ed B Bl i o

100. The 7®6fthy gerhdit efidnifok/comebl BARESThdWaer MhafRsH AFEMOAS skt RoutReeisoagh i n
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FIG. 12 illustrates one routine that could be used to implement the transmit
command step 458 shown schematically 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 command 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 monitor/controller 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 schematically 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.



nmonitor/controller 20. When a downl oad data conmand is sent to the infusion
punp 12 (as 5 determ ned at step 466 of FIG 10), a data dunp flag is set
to | ogi c wWb,03/069dt cati ng that a data transfer or dunp fr earitse2/peenp 12 to
the renote nonitor/controller 20 is in progress. The data transfer is
performed in a segnented fashion. Instead of sending all of the infusion
data and patient data stored in the RAM 104 to the renote

noni t or / cont r ofh&fecéie irButthesI00GhEwn i PIG.1 IBUS Usyokbd AR tHehRnétdtidn ba sent in
segnmented portions, each of which is separated in tinme 10 fromits adjacent
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to tra 1.tte . b e ri 6.1

o b | B et 8 AUERSR0: B USROS eSS
step 524 50& T3 is@bae mapreechtdiad @atdHyltifp operatiam foint ihefekihg Wity dohiigdme punp
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interrupt, the transmt rqutine 550 is perforned, Referring to FIG 14, at
st ef? 552 fl¢igrnaing whether 1t a datgidymp command. If it is not, then the routine branches to step

510 where the pump 12 responds to the command.

If the 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
been transmitted to the remote monitor/controller 20. At step 514, the data dump flag is set

25 to logic “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. incremented) to point to the address of
the next data byte to be transmitted. At step 520, the data byte retrieved at step 516 is
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 116, a transmit interrupt

is generated by the controller 100 to indicate that the transmit buffer 116 is empty and that



dunp flag is checked. If the flag is not active, neaning that a data dunp
operation is not in progress, the routine branches to step 554 where the
routi ne regponesi2z o the other interrupt. 5 If the data dumpTfusag3s9ei acti ve,
then the routine branches to step 556, where it determ nes whether all of
t he segnented portions of the infusion data have been transmtted. This may
be acconplished, for exanple, by determning if the transmt pointer 513
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the desired infusion rate. Consequently, the transfer of the infusion data and patient data

does not interfere with the ability of the pump 12 to 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 graphical user menu that may be shown on the display
25 device 78 of the remote monitor/controller 20. The health care professional may select
particular data for transfer or viewing, via a number of different parameters such as
beginning date, ending date, types of data, etc. The particular 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 utilizing 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



618. The nedi cal device 612 may be one of a variety of devices, including,
but not limted to infusion punps, ventilators, insulin delivery devices,
and anestwelsasdeti very devices, however, one of ordi narycgkidot/3gonithe art
woul d understand that other nedical devices could 5 be utilized w thout
departing fromthe scope of the invention. Additionally, the nedi cal

device 612 may be proqrannable as di scl osed above, and further as
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a punpi n§rdpanskilkimtheattpunpi ng the 1iquid medicant through the conduit and
into th ti I | quide] njecti devi . . . | f
control i hg. t b onkelpbdehl e el Miitd 2 UG fea B30 S RBtE ardbe cal

devi ces afedidal déviceell?2 fohadmbaitedg 4 [igaH HRuticaanth thb PafiBABIsf Dypicialyl MR i ng
the treatnment will |ikely vary to be in accord with the specific¢ nmedical
devP ce. ESHIBkapMFE01Bhasaupplytal megiragonnefshowr)apsia meanster gelivesing thean
insulin [ i ' J NGALL | the patien and an

ancst host BfegP (TEFAHREAERERLE, Wit bTnBRb a2 bbond ot (e
pati ent, medivationid typicakty apiguidpnédicam: eehinv@irya SRAIES or [V-tyHEbSTOSHNBRHLy,
illustrated in FIG 16, the sensor 616 is coupled to the patient 618 “and
recei ves W B IREHSIOPURR I theangsas faeliyeringihe apadicagon F@l‘fﬁﬁi} giliguishingserion
conditio t ' [ er st o ope of. ardinary skil
T the are o ifen SRIBRCEE o Eiel® plBUELS AP G e hOR P ca

tol5the patingoatinectedas theliuf injdotopdtvieds)ta minfpsly metiemxeh &driputhpindi@e
patient’ Tiqu ood, pressure, the patient's activity level, the patient's

cel | ul ar HIHEHTBRAFAY Hrovlbihg spRdit Al igia the patiensvin the daidiialectioméeien, Ratie s
e 0 Pt ey E ROty SO K . RGBS SRR
ski Il i ndevieesart ntitize, thedeeditalodatnenbend theggeins fig deVieatsg the trehitgent will
i vi duskED v R I ELrard i Tohe R ool By ceone: S3apenles TXFablyer t he
Tt o ST S R S S E R T
WO 03/ 0594¢ an PEFihdSa2Ie889 Ptovides anesthesia gas or anesthesia medication to the patient,
each with the appropriate delivery means.
In the embodiment illustrated in FIG. 16, the sensor 616 is coupled to the patient 618
and receives information from the patient 18 concerning the physiological condition of the
25 patient 618. As is understood by one of ordinary skill in the art, such physiological
conditions may include, but are not limited to, the patient’s heart rate, the patient’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 demand, the patient’s
food intake, and the patient’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 manual input may be provided by a health care provider or the patient.



One exanple of the patient providing input for the sensing device is where
the nmedical device 612 is a insulin delivery mechanism As such, the

pati ent m&Y oposaezie i nput to the sensor indicating the tyos/ush/ssyod
consuned by the patient. In one enbodinent, nmultiple sensors 616 are
conprised in a portable 5 nultiparanetric physiological nonitor (not shown)
for continuous nonitoring of certain physical paraneters of the patient.
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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; underarm temperature sensor which senses the temperature of the side of the
patient's torso underneath the arm; and, EKG electrodes 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 (electrocardiogram) is an indication of the patient's heart activity, as is well known in

the a field of medicine.



Al so as shown in FIG 16, sensor 617 may be provided in addition to, or in
substitution of, sensor 616. Sensor 617 obtains information concerning the
envi r onmewp oafososehe patient 618. Typically, the sensors 6PETAKA2/38901
automatically obtain the signal concerning the physiological condition of
the patient and/or the condition of the environnment, 5 respectively,

W thout intervention fromthe patient 618. Depending on the information
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the control | erTe2@nsdb 616 Egﬂﬁiayrbeciﬁy dedicé tmmstdapatﬂenﬂmcel@ir@ Hdigndlgi.e.,
electrically transferred 624 t control al gorlthm 626. shown_in FIGS.
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activity ;ofs ta@%{m}lé g&ttmn%g@ggl onally, it has been found that the body
terrperature a patient drops during the night, and that a patient's

heart rate dr dﬁ&: smgmﬂ redeeved dtane tite sessaat616637 is elmtnoerlbfl tmaglsferred G2 teagnal s
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treat rrentspec:Ot:llc meféhcmi) 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 616,617, and such information is
30 transferred 624 to the control algorithm 626 for processing.
It is understood that the control algorithm 626 will likely be different for each
different medical treatment, and further it is also understood that the control algorithm 626

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



WO 03/ 059422 PCT/ US02/ 38901 a control algorithm626 is showmn in FIG 24. As
showmn in FIG 24, the control algorithm 626 is utilized to control the
del i very wDogmsid4ent i on to a patient as a function of the pariEsat/3®01 618
heart rate. In this enbodi nent, the control algorithm 626 receives a signal
of the patient's heart rate fromone of the sensors 616. The control

al gorithm 626 processes the 5 signal 630 by conparing the signal with the
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specific medical treatnents may be the sane, and may nerely be dosed
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separ ate
developed by the control algorithm 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
may 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 626a,626b may be utilized for each medical device 612a,612b,



control algorithnms 626a, 626b may be utilized for each nedical device

612a, 612b, WO 03/059422 PCT/ US02/ 38901 respectively. The enbodi nent of
FIG 22, wbDioBiozaz2two di stinct control algorithnms 626a, 626h/UusazsBonuner ous
sensors 616a, 616b and 617. Sensors 616a, 617 transfer 624 signals to
control algorithm 626a, which, depending on the treatnment to be delivered
636 to the patient 618, nay process 630 the signals fromone or both of
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adj ust or set control paraneters fo
20 embodiment the control algorithm 626 for the first medical device 612a is the same control

algorithm 626 as for the second medical device 612b.

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

25 provided to adjust and set the control parameters 644 of the control algorithm 626. The
input device 642 may be coupled to the controller 628 or directly to the control algorithm
626. While the control algorithm 626 may be manually input, it may also be dynamically
downloaded as from a database or network.

Further, as shown in FIG. 16, the medical device 612 may also have an input device

30 648 therefor. The input device 648 for the medical device 612 allows a user, typically an
authorized clinician to enter control commands 650 to adjust or set control parameters for
the medical device 612. In an alternate embodiment, the input device for the medical device

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



t he medi cal device 612. In an alternate enbodi ment, the input device for
the nmedical device 612 is the sane as the input device for the
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17, a renote controller 646 (i.e., a renpote input device) may be provided
for renotely adjusting or setting the control paraneters of the control
algorithm 26 and/or controller 28. U S. Patent No.. 5,885,245, assigned to
the assignee ofs dHGuRhTIENT7, d@ﬁﬁ@édﬁ&olléﬂm@éeaquﬁm deOREY Mhy BE .
anong ot her things, and is expressly i ncorporated 5 herein by reference,

and made paoyded fonecmakly atjesting wp sestiog Hteravinirel pAdBetess afi th@mml atgorithm 86m

I ti f t t h
the medi chivor aefraE are IS Toul Ny STrogis: SoEPFLE PEam PR e IR Hahot o
control | %ﬁv&ﬁ@n%ﬂlgsebﬁ r8ndRAAHOIE, Amofld biher @iMgs! ﬁﬁf’i‘s%f(?rte ﬁ%’ifﬁ)o@étbdi d ng
in which the nedical device 612 is di sposed, or in a ferent buil ding

t had t he hersn by refhicnbe, tand niesldiaqatt htesafcdhe Ianmts Cdntsqzit@é% iSTdiepesedot @ 10

controller 646 is connected, to a conven |on v0| d 652 Vi

Gota 1i nopBSeaidn (o Roehatbinruis’ FENGR oo P B iS00 3 PBREThEREkHE Ui o
a voi ce ldelice @18 is IbomedBick, Catirst f&xu&g @ﬂ@@ﬁm&@@}ﬁﬁ%@mé Boild B AKPBEddanal
voi ce/ data nodem 660 via a data |ink 662, and the nopdem 660 is connected
to a tel eliffarst ®6m @ﬁthe aam@bmkhng nkwbﬁs thél'lhiledlt:&l(ﬂemérl@ iséi3posedor inme
intercon ted tQ |onal 0|c ta.coppuni cati o ia a

comuni c T Pl e i B G, l%??fl%‘f“éepﬁﬁ Cﬁpr?éecpiz%? IRl e.
Addjot | Onaéohtfou&Ma@ H@ﬁ&c&:ﬁ% ﬁ‘ébh\%nu@ﬂﬁ voTRYdaCORBEGh 63D §iaM 84ta 1iAR 669, HnkiO!
algorithm 626 via an internet, an intranet and a wireless network.
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enbodi nen nill strat ed.a des bed rous at i,ons
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the acconpanying C ai ns. WO 03/059422 PCT/ US02/38901 CLAIMS Wat is

cI ai med iae ilertonykcredrip biditectonal voice and d@r@mmwaﬂ@mw gompypisaiion link
risi di ¢ ment de ice havyin d
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devi ce behRgcsthmparee with thefdongbl dlgﬂ@rﬁhhm% vidal Biérhel, alahgfamettm Loliglesd to
t he nedi cal device; a sensing device coupled to the cont r ol algorithm the

sensi ng desfverk. féﬁ@ﬁﬁgorg, Giegerapte coptrellerioRe neaylierpterdrgor i t hm wherein the
control al gori sﬁ%&?% nli e&uﬁéxﬂygil bee(éﬁ IIIYIEE'F{GH%HH dbOLibeg rlﬁfn&?% evice
ee a

and devel ops a cont ase processi ng e signa
modifications come to mind w1th0ut mgmﬁcantly departing from the spirit of the invention,

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



to determ ne whether nedication should be delivered fromthe nedical
treatnent device to the patient, and providing the feedback control to the
medi cal tweaBmsyr2 device to control the delivery of the mediusat/3gneat nent
to the patient; and, 15 a renote controller disposed at a second | ocation
renmote fromthe first location, the renote controller having an input
device to control operation of the control algorithm 2. The

renot el y-control |l ed nedi cation delivergLsmasem of claim 1, wherein the
renote controller communicates with the control algorithmvia an internet.
3. The renotely-controlled nedication delivery systemof claim1, wherein
the ' Zngﬁthg.CQ%%rpller comuni cates with the control algorithmvia an
i ntranet. 'HaThER ?ely-controlled medi cation delivery systemof claim1,
wherein the renote controller conmmunicates with the control algorithmvia
a wreless network. 5. The renotely-controlled nedication delivery system
of cfaim 1, whdrein Ammotelynesngrolehmedichieon dadivaryswsigar, comprigingThe
renotely-contralle dicatian .delivery systemof. claim.l., wherein.the

e cal "t r eat merpediedRe P EERRARE { L) BEmEie PR mPHRIPE P
liquid negicapdichton fotBe patidng the mebiRal tifatifié e P Being\didpdsdd B kst BEATIH, ON
devi ce adapted to be connected to the patient, a conduit connected to the
liquid injecti@rroate} elgorihnpeawpladdo tiecmediral Mevise; punpi ng the |iquid

medi cant throu%h t he %OQQUiélﬁ% % to éhf paghpn% vuglﬁp%llkguid.in%ection
30 device, and “aCPulp IEGRY FOIAE] OFRs CRUST PIEPIIRY DREISIRSCNSC Seiidht Sdnal he
pungo cont §@tHeontrbEASbNIhRY viHaceih 6RAPAGK! Ledithel prb&estdiehdBighslatedivaitramnt
device to control the delivery of the nedical treatnment to the patient. WO
03/ 059422 trcensisg e vgoend develtns arfapdhaek gondesh bagsid|cadh jeselt ebpiosessgl the sigyal
system of ¢l H%ui'ﬁe WS L ikaldAfon SR E'efgdqu\é% i Fréifd U i dRatreflon ae Vi pj ed
to the patlenf 0 recelve I ntorhation T rom the patient concer ning The
physi ol ogitigapatieat)dhd pesvidihg thefepdtiacle béntrdl ke thethatica tie@iindde dedce RUMMAEL! BE

into a signal. 5 8. The renotely-controll ed nedication delivery system of
claim7, wabvesy ef theemedigaidisatmant io Pepatiensi s nonitor. 9. The =

remtel y- cont r gl 1 6d EgLSAL) (ﬂgpo@&ﬁ %ﬁ\gae{exo &ﬁk&iﬂnoiemga'teaﬁ%%he WS i laflod, Rffe
sensing devi ce conprises a sensor at recerves intformation concerni'ng the

patient's regoteiconmoieithavib ahQnpukhievice Epéany opsrhtial dftle vonkralalgopitheel i very

systemof claim9, wherein the sensor is a |light sensor. _ . )
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-controlled 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-controlled medication delivery system of claim 1, wherein the
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 control the delivery of the

medical treatment to the patient.



11. The renotely-controlled nedication delivery systemof claim1l, further
conprising: a local input device coupled to the control algorithm the

| ocal i npwDodesd4ee being 15 located in the first | ocati omCTAR02/I4ve1
renmotely-controll ed nedication delivery systemof claim11l, wherein the

| ocal input device has a plurality of entry keys disposed in a spati al
configuration, and wherein the renpte controller has a display, the

medi cati on del hvery 15%$t8MefjuEdHR@ed RRARAISH Adivary Bt oPEkia i \ehsteinatp! ed
to the display for generating a visual display of a 20 plurality of virtual
entry keysersing deyice copairised a saondii qpuplatito hequabientdn récgiveyinformatemromsthe he
entry keys of the | acal input, K device. .13. remot el y-control | ed. nedi cati on
del i very BJGNAPRSFNIHE Iﬂf‘:\ﬁg{g’is}ﬁbogécabrﬁ%d&té?n oﬁpgg?%ﬁ,ttﬁ? 81?81:%%%0'@0%%&3 om a
medi cal deyiwecaaRahl§@i. delivering the nedical treatment, conprising: 25
a sensor receiving a signal, a control algorithmoperatively connected to
the sensor, ad a rEwoemoichpoontded cwditatpodeiveay systampehelptn 7r whered the om
t he sensor, wherei.n the sensor obtains the signal, the control algorithm
processi n§CHSAESS YHRASIEIBIWPHEY by the sensor and devel ops a feedback

control adapted to cgpttRbtelyEordilicd Biertic@fion BeliveRdbfstdm bf SlatnreMvhéretinthet he
nmedi cal device to the patient, and wherein the renote input device has a

means for s@Ginmddvied cmmizeopeenaol that re¢eivésanfosmetion cericguyng tmpatignt’sThe
medi cation delivery systemof claim 13, further conprising a nedical
devi ce ha\‘?PYl‘QOIHn%‘ﬁppl y of medical treatnent and a neans for delivering the

medijgal treatnpnt tihelib@oRM-tEiHollel hediRdbe ablieey bfterd petiairh vetviceaiiht ed
to the control algorithm the WO 03/059422 PCT/ US02/ 38901 control

al gori t hmsemsot ks lighigendoe del i very of the nedical treatnent fromthe

T3, further cortdri sl BePlaror il MEITREA SERPR i PP RRIRCREREP, 118 "

cont rol alcgg,?}igﬂﬁg] the local input device controlling the 5 process
paraneters of the control algorithm 16. The nmedication delivery system of

clai m 13, furt rdecaldrpitidsyiag cenpledsiolthsy constoh aleeridum.tthe {asal inphipteariqerising
tevige, UGB BB RS, 3 e socout of, he control aleeritom
operatively coupl ed TRe tdmsoteigtdoatibllantediesinvdzdiveryf systeni ofatainnli evhreieig thehe
physi ol Ogilc():(?all input device has a plurality of entry keys disposed in a spatial configuration, and

wherein the remote controller has a 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-controlled medication delivery system for delivering a medical
treatment to a patient from a medical device capable of delivering the medical treatment,
comprising:

25 a sensor receiving 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 algorithm 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.

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



condition of the patient. 18. A nedication delivery system conprising: a
programmabl e nedi cal device |located at a first location for adm nistering a
medi cal woeabssn: to a patient, wherein the programmabl e PogdisozBdssdevi ce
has a nmeans for 15 adm nistering the nedical treatnment to the patient, and
wherein the programuabl e nedical device has a first input device for
entering control conmmands for the progranmabl e nedical device; a |ocal
cont r ol | egofag hBioriigh ot @omMiag tiedddlivetyns the agdieaneditaentedeiin aie edicaaleviche

| ocal controller being disposed at the first |ocation and having a second

i nput devixi@epaient20 ent ering control commands for the local controller,

the | ocal contrgll erval .hei i,yel o . ! .
receive a si gn(}lﬁ’ f r(r)r %%tlﬁegdl%g]toﬁglﬁﬁ?&&hgggr%ﬁg £ ﬁge}ﬂ qu’cgj?ﬂelégor{% é‘gﬁl%% et mb&t
mani pul at gsviepeperhtiwly abniidoedps agr@atrabalgorma, cal lock e dedioe corralbnpthe
controller for controlling the |ocal controller, the renote controller
bei ny di pmsseParameiesfdheicabhpigsithiete fromthe first |ocation at

being . e fr ¢
Control 1o havify modeafacdiEf iiher SYER o FhSBCRRRy PTG AIE Bnlay o

t he | ocal ce@iritedlth @ie rehfdte hipet dexilics diei displaleproviding s yista neafoucdithecdrol
wherein the second input device is a bar code reader. 20. The nedi cation
delivery 8igotiof clai m 18, wherein patient information and 30 nedical

data is entered,via- g, Sconf d'eg?é%g sgﬁyﬂa%‘?pla?ri‘rlamﬁ ﬂéﬁP‘ﬂhE%!ans%?Rar atus of
claim 18, further conprising: a display device, di sp?ay means for

geneg at i ngpérativelyiabusled pi thy pafiera aud edcebles infpuhatioievheeninghbd pintsiclbgiyal
correspondi ng .to said input device of said programmuabl e nedi cal WO

03/ 059422°@E§g‘7‘@89f27h38’9§3nt- devi ce, the display neans operatively coupled to

the display deyice, A@Hfé;d{*&%ﬁl&%degﬂfer}?"gsfé%,’lgpgﬁsﬂ er at the second | ocation
a

to activate thé virtu I nput device to allow the user to control the
operation of therpgragnabisihtdcaeitvicallocked ata firstdocdtive ferabnilistariogtd madic?.
A method to provide nedicatiqgn to a ere the nedicatiqgn delivery

5 1 GgEmEa A B B (Y SRGE e BAIS FHES GrmeNS [Fat | ent
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provi di ng davicehmt £ficso itpuo e for keteriegoomra entomuinde fortibes programmalblp medical
devi ce; angl\,lice;
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,
a remote 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
second location to control the local controller.
19.  The medication delivery system of claim 18, wherein the second input 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 generating a visual display of a virtual input

device substantially corresponding to said input device of said programmable medical



10 utilizing the sensor to obtain a signal concerning the physiol ogical
condition of the patient, transferring the signal to the controller,

ent eri ng wofoansakt on contained in the signal in the cont palr/tsoyssInt hm
devel oping a result based on resulting data fromthe control algorithm
devel opi ng feedback control based on the result fromthe control algorithm
and nmani pul ating the nedication delivery device as appropriate based on
the feedbdekceans displayaneahb opehiivedy coupdedmecthe displan devict idpadans fiér. alRindA
met hod to provide nedication to a patient where the medication dellveri is

triggered ablﬁercﬂﬁ éheprecapd tocauen Wcﬂ‘fﬁ‘iéﬁ? e EHH PPYHVice Srpow thegisehe wnig
provi di ngy k%%r | tﬁﬁ}%f? gx%gb‘ﬁ% lg‘ﬁ}’ed&%l ARG ik %cl)&?%cat?&pt rol ler haV' ng

a control rovi a sensor; provi a renbte controller,
the renote contol | ek nieehddrg pmmdmmadhcaﬁon ey pamant whéit ithel medlgattdmetl@@egqs to

obtain a signal concerning an environnental conditjion of the patient'
envi ¢ onme HLESEEGLMEPRS 05 rﬁ@f@tﬂb@ﬂ@l@@ﬂ@f conglitioqns of S Radiente COMBFpiag Fhf‘gStePS of: °

i nformation %%ﬁ&hlﬁ ‘%rhcgﬂldehﬁ)n fgg?g?, deOIC he control algorithm developing a
a

result based on resu t| ng data omthe control algorithm devel opi ng
f eedback contrq»koxbdmgdtlocaltcbetraslmmtwmgIa@antrhlealgmnhmol algorithm and
mani pul ati ng the di cation delivery device as appropriate based on the
f eedback cont r BN SEU t he medi cation to the patient.

providing a remote controller, the remote controller having an input device; and,

10 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 to

15 deliver the medication to the patient.

23. A method to provide medication to a patient 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;

20 providing a sensor;

providing a remote controller, the remote controller having an input device; and,

utilizing the sensor to obtain a signal concerning an environmental condition of the
patient’s environment, transferring the signal to the controller, entering information
contained in the signal in the control algorithm, developing a result based on resulting data

25 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 to deliver the medication to the patient.



