WD 2006/ 016952 PCTI US2005/ 020149 DOSAGE CONTROL FOR DRUG DELI VERY SYSTEM
[0001] Field of the Invention [0002] The present invention relates generally
to drug delivery systenms, and nore particularly to a nethod of calculating
a drug infusion profile for a drug delivery system Wile the invention can
be used i nVUHOHPIS9Rr i ng a variety of intravenous drugBCTAUS20834pat49i cul arly
useful as an anesthetic delivery system [0003] Background of the Invention
[ 0004] Three condi tHORS N'ER : ERYSVSTHEMat i on of an
anesthetic, nanely, to rapi dIy produce the desired phar macol ogi ¢ ef f ect
(hypnosi s, analgesia, etc.); to maintain the desired effect throughout the
medi cal pP8¥MdurBieldofthe lnventiome the patient to recover quickly from the
effect foll ow ng conpl etion of the procedure. [0005] In order to achi eve the

obj ectiv
anest hesﬁg% |st t%rﬁdgﬁﬁﬁ%ﬂﬁnfé\}gtﬁgg&l&s&gﬁmgh " Load’%{ng Dose A Loadi ng

Dose is a bol us ]?Wﬂlglytn@m@h@qfcelculdms;admaunfus;mmoﬁld:ﬁomgslgtdﬂbvqmt ient to
a desired |evel ef t L e I nta ] ffect the
anest hesi ol ogi st® ¥} l%r?g{liérh{fntbgm [ '“%%1 NE

"Mai nt enance Rat &ugsmsﬂmwmﬂyaoeml Baatuanesﬂle&cdamnasystetmf usr on rate
(g/ kg/ mn, ng/m' n, etc.) required to mintain the patient at a certain

t ar get, ﬂaéﬂ Wc, effect. The anesthesi ol ogi st may
have to ti* f YR e during the procedure as the patient's
anest hetic needs change. A nethod that allows for rapidly adjusting the
patient' sjobesjel Threetdmditions or t§edtivesicontroNntib hdministralidrief anta@estingi) nielg
patient to recover qQuick|y fro t he anesthetic¢ fall ow ng corrpletlon of the
procedure, the Qﬁé&‘&ﬂ é{&‘%@ﬁﬂ%’o}?@c&g}’ﬁ nQsis, qﬂf‘]tgP%a’d'Fct)g 0as

needed. This Canmhiﬁ%ﬂ'ﬁ%délﬁﬁ%ﬁb&%l@%%uﬁﬂﬁ@n%icﬂtﬁﬂ&ﬁﬁﬁ B 18 eRhH1OMhe! O t he

end of the procedure. [0006] The term "anesthesia" is used herein to refer
to the conti nuunpaﬁenﬁymyersﬁumk&’ from shepitectiollewine eompletipm obhe prasedurs dr ugs,
from anxi ol ysis through general anesthesia. In producing a |evel of

anest hesi own I eJﬂ%d s, the
anest het i @?@ | shlf();pr&gg?fﬂf/%?ﬂré% ggeflragﬁghﬂ? cﬁjgﬁtg ol uses EQ%&E,
t echni que resul t theianesthesiplogist typivally ddivemacse chlbsli ‘Loading DyboTitA Loasling

Dose is a bolus (mg/kg, mg, etc.) of drug that rapidly brings the patient to a

-

desired level of effect. In order to maintain the level of effect the anesthesiologist
often uses an infusion pump to deliver a so called “Maintenance Rate.” A
Maintenance Rate is a constant infusion rate (jig/kg/min, mg/min, etc.) required to
maintain the patient at a certain target, in this embaodiment anesthetic, effect. The
anesthesiologist may have to titrate this Maintenance Rate during the procedure as
the patient’s anesthetic needs change. A method that allows for rapidly adjusting
the patient’s level of effect is desired. Finally, in order to enable the patient to
recover quickly from the anesthetic following completion of the procedure, the
anesthesiologist attempts o deliver as little drug as needed. This can include
tapering down the Maintenance Rate prior to the end of the procedure.

[0006]  The term “anesthesia” is used herein to refer to the continuum of hypnosis and
analgesia, achieved via anesthetic drugs, from anxiolysis through general
anesthesia. In producing a level of anesthesia known as conscious sedation, as
practiced by endoscopists, the anesthetic(s) is typically delivered through frequent
boluses. This technique results in varying depths of anesthesia throughout the
procedure. At times the patient may be so heavily anesthetized as to be classified



procedure. At tines the patient may be so heavily anesthetized as to be
classified 1 WO 2006/016952 PCT/ US2005/020149 in general anesthesia. At
other tines the patient may be under-anesthetized and exhibit pain and
agitation. A patient responding to pain is uncooperative, nmaking the
procedure P &0EP¥PI2cult. As a result, the clinician t eREEUSOHP0IYN t he
over- anesthetized side. In addition to placing the patient at greater risk
for adverse evehigenealsiesthests t Aither itings tryatieant nid§ beahil@rineshetizedmer y from
anest hesia to be _nuch | onger. Accordlng%\égqna@g methaod.is desired that enables

the clinician toSxHibjhpaigang agitation, A paffen 19, PRP iSTBIFPORSAk Ve, 1ppking

under - anest het | Zth@q,raéa&me?ﬁdr@m%cuﬁtoQﬁﬂresnh@thb%mmﬁ%a& tcP&r 6 8 ovés used
herein to refer to the classes of drugs enplo by anesthe5|olog|sts in

i nduci ng sedat i ofpesthetizedisidg. MMQMQPMEMEQE@ﬁéSwMCWd@%r vegad
remfentanil ar eo‘?e Ség{é}-ﬁg&sﬂ{eﬂ%gc esgtﬁggﬁt%fﬁf’s b ﬁBﬁﬂe{n[\éstﬂéégaatE%et hei r

rapi d onset and wever 'S ra I on presents additl onal
concerns for sonmolmibnger rmg:caﬂmgi;wma}taiemdwhedthatémblbmﬂmwhmcmﬂm ypi cal ly

done by non- anes t hesi.ol.ogjsts. Wt i d ons t/off nmoy e frequent
bol uses wil | ‘P‘Eﬁ’z “c‘%i&ﬂ?gglﬂﬁi “?S ﬁﬁ?’ g&#‘?@’rﬁ“’ﬁ%e
I nfusi on punps to conti nuously dellver these rapld action sedation drugs.

However, [e007] anthé teasi“sddagorsdrig’ais @sdlitierdin o refeffo the blassehaf dragndnagleyedc ( PK)
princi pal s, and will _have difficulty determning a Loadi ng Dose/ Mai nt enance
Rat e conbi nat i onbY Aafsthesiplogistydn tdpeipg ﬁﬂdyh%lﬁﬂe@aegamwﬁswnagfew desi red

| evel of anest hepj ARRA{bE hre prdfErrdd m g{@ﬁg@d to
enabl e a non- anes{(ﬁjgm gfdogl st to e frel y a I.?%Iect Ive % ese rapid
action anest heti tapa!g@m@nﬂyoﬁwalfﬁweves@nwwld dction mmﬂddnmsalwgmemsogl sts.
[ 0008] What |sd5|r Lgori.Lhn lan to
program an ADS Pn]%go ?gﬁgéi%“ga N e%}r’]@g%?%%ue’seﬁyg c?]éﬁ b?’ﬁlgﬁcl I ni ci an
to maintain a deames&résmllogiml With :afapﬁitdmﬁjo&'setamieﬁb@lemhﬁw&mhé omatically

cal cul ates the a g({ sized | ad.l do e based on the
phar nmacol ci neticg‘%‘.ﬁ’ °”éPfB’§E » SR °F‘8 WRPURYS tse is then

delivered by thec&fﬁu&&lﬁd’dﬁ'v&ltMcs%‘i&lh&X&th&iah@f(&fug@fHoﬁ@ﬂsiltdoﬁn i medi ately
foll owed by a constant infusion of 'the sedation_drug at t he
anesthesiologists are not familiar with pharmacokinetic (PK) principals, and will

have difficulty determining a Loading Dose/Maintenance Rate combination that
will both rapidly achieve and maintain the desired level of anesthesia. The
Anesthetic Delivery System {ADS) is intended to enable a non-anesthesiologist to
safely and effectively use these rapid action anesthetic agents typically reserved

for use by anesthesiologists.

[0008] What is desired is an algorithm that will allow the clinician to program an ADS
with a desired maintenance rate, selected by the clinician to maintain a desired
level of anesthesia, and then the ADS automatically calculates the appropriate
sized loading dose based on the pharmacokinetics of the chosen sedation drug.
The loading dose is then delivered by the ADS to rapidly achieve the level of
sedation, immediately followed by a constant infusion of the sedation drug at the
maintenance rate, to maintain the level of anesthesia. Moreover, a method is
desired where the patient’s level of anesthesia is rapidly adjusted, each time the
clinician changes the maintenance rate, in response to the patient’s changing
anesthetic needs. Specifically, what is needed is an ADS that integrates the

initiation and maintenance of anesthesia in an equation so that the appropriate



mai nt enance rate, to maintain the |level of anesthesia. Mreover, a nethod is
desired where the patient's level of anesthesia is rapidly adjusted, each
time the clinician changes the naintenance rate, in response to the
patient's chan anesthetic needs. Specifically, what is needed is an ADS
that int egr“éﬁ?é‘g"‘@%@z initiation and mai ntenance of anesPREVSHOFPOMY equat i on
so that the appropriate 2 WO 2006/ 016952 PCT/ US2005/ 020149 si zed | oadi ng
dose may be cal csikatleadiagdoseaudybieshlenledd tnd sdupinidteyedaoirgdlybeing it | ent ' s

dept h of anest hesi a to.a leye L ntained by th r ram*red mai nt enance
rate. Further, éﬁ%b\gf\éﬂweﬁg‘%rféOﬁé?VﬁE@FéwwﬁPﬁﬁﬁ progtammeds ed, the
dosage control | eﬁm{n%hu&%atecamﬁmhame@@chaa ¢ BROhiintdnandh 8@ i6RGEested, r api dl y
achi eve the new | evel of anesthesi a. [ 0Q09] Sunmar of t he I nvention [0010]

In one enbodi nenﬂledPﬁP@GPﬁMﬁ@p}ﬁﬁBWﬁé%te&ﬂm agingglopiouapidly f or

mai ntai ning or r %ﬁc‘:“}l ent's |evel of anest hesi a conpri sing
programm ng an a%%(&)éryg%(h I%‘:tlélggfu?e\(';@rg%}ésystemV\Ath a mai ntenance rate (MR);
causi ng the drug deli very systemto cal cul ate the | oadi ng dose (LD) using a
formul a t9809]r el Sumns pdnsertionand nai nt enance rate; the drug delivery
system infusing the Ioad| ng dose into patlent to achieve a desired | evel of

the. | ovel PRPOIS B HReBll g e Fnerif pfidel EplFod RBRRIARE T P, O01 M 1 7

provi des a net hoshaottaininggr rapfdlsadjustihga pattmt’mle&elmfragesﬂlcsma:pmphmngdj usting a

patient's | evel of anesthesia comprisi the .clinician
aut omat ed drug dBi9 W&%P@‘H{f\ﬁfz’? ‘fg& GHEN TN aﬂ}tgm’(?g%&%e dr ug
del ivery system banshglthadrap delivaey syotemite dat@ete tiai 18adiMYose (EDEsig £ or mul a t hat

rel ates | oadi ng dose, and nmai nt enance rate; the drug deliver system
i nfusi ng the | oaffrmyladhataclaiep B)afhﬁadwtﬂpémmqt@aaw vihe frygdgliverymydemst hesi a

and admi ni steri n%ﬁgﬁ% #ﬂd&% ﬂéﬁmvﬁﬂtd%s&eﬁlé%lgf&b dheargevel of

anest hesia. [001 |rrent the level of anesthesia is
rapi dly adj ust edadshinistering the:dmgnatdhamaptmgtmmmw meintamnthe lewbofzaestbetsia, by a
met hod that further conprises:

[0011] In another embodiment, the invention provides a method of drug infusion for

maintaining or rapidly adjusting a patient’s level of anesthesia comprising the
clinician programming an automated drug delivery system with a loading dose
(LD); causing the drug delivery system fo calculate the maintenance rate (MR)
using a formula that relates loading dose and maintenance rate; the drug delivery
system infusing the loading dose into the patient to achieve a level of anesthesia
and administering the drug at the maintenance rate to maintain the level of

anesthesia,

[0012]  In a further embodiment, the level of anesthesia is rapidly adjusted when the
clinician programs a new maintenance rate, by a method that further comprises:
calculating the cumulative loading dose based on the drug already administered to
the patient; calculating a new loading dose based on the cumulative loading dose
and a new maintenance rate based on a formula relating loading dose and
maintenance rate; the ADS infusing the new loading dose into patient to achieve
the new level of anesthesia and the administering the drug at the desired new

maintenance rate to maintain the new level of anesthesia.

[0013] Still a further embodiment is a drug delivery system that includes an infusion
pump and a controiler and is programmed to control infusion as described herein.



cal culating the cumul ati ve | oadi ng dose based on the drug already

adm nistered to the patient; calculating a new | oadi ng dose based on the
currul ative | oading dose and a new nai ntenance rate based on a formul a
relating | oadi ng dose and nuaintenance rate; the ADS infusing the new

| oadi ng do¥0 PYE/BISER i ent to achieve the new | evel of ZRGEASHYENNI4NI t he
adm ni stering the drug at the desired new naintenance rate to nmaintain the

new | evel of anep{diRehbodini e syblelnindudey ér36rs foraosionRphatight phydi

delivery systemthat incl udes an i nfusion punp and a controller and is
programed to cofid QS‘PWM‘FB‘H%@‘H@%‘FI“B@@%?@% the drugaf aiyense 016952

PCT/ US2005/ 02014@1})3{6 r%‘éﬂ&hddré’ﬁ Loted N€ System i ncl udes sensors for
nonitoring patient” p &g ol ogy can be programed to di scontinue

adm ni stering the dr ug i f adver se physr ol ogy or trends are detected. [0014]
Bri ef Dest0ifti oBrie 17 ] S U E 3] Fig. 1 is a drawing of the

Aut omat ed Response System (ARM utili zed in an enbodi nent of the invention.

[0016] Fi o1&y | Spis ¢ ﬁhg% @ n#‘g %ﬁ{ﬁg F%g program
usef ul ing’ 1%’cord ncga\lm&? nfersb&glee#‘etﬁ?%%ﬁ inventio il f?l Fi gs.

and 4 are graphsembédimentafithegnvéndionlet er mi nati on of a ranped i nfusion rate
for a | oadi ng dose that cul mnates in the maintenance rate. [0018] Detail ed
Descripti f t t]] a0 on, the

i nventi onm%aexpP% é&)sr ng ntqr%%gl] N velﬂ)-l/gé %E%:?opo?)(?{”t—dé é@éﬁ and
maintain a | evel a@brchnmiﬂesnmb@ﬁmenteﬂﬂtm\aﬁnmnsm ous sedatl on. However,
the invention can be applied to any intravenous drug where it 1is

appropria o deliw oadi ng..dose. fal |l owed. by a int enance infusion.
The “RaualBss Wi SR aeplisRRio e BHFS iRt o ErePhel MRS B4 ng
dose/  mai nt enan€g aredding dvlsa thabuliinate) if e nfalitGRnedMel dr ugs. Exarrpl es of
cl asses of drugs in addition to sedation drugs that can be admnistered in

accordanc&?}i\g’ '_- nvention are nt| bl otics, pain managenent drugs,
car di ovas o deSH I and ot hers.

[0019]  For the purposes of illustration, the invention is explained using the delivery of
propofol to achieve and maintain a level of anesthesia referred to as conscious
sedation. However, the invention can be applied to any intravenous drug where it
is appropriate to deliver a loading dose followed by a maintenance infusion. The
equations will be adjusted for different pharmacokinetics (loading dose/
maintenance rate relationships) for these other drugs. Examples of classes of
drugs in addition to sedation drugs that can be administered in accordance with
the invention are antibiotics, pain management drugs, cardiovascular drugs,

anticancer drugs, and others.
[0020] A. Initiation of Sedation

[0021]  An anesthetic drug such as propofol provides labeling recommendations for
initiating sedation (Jloading dose} — 0.0 to 0.5 mg/kg, and infusion rates for
maintaining the patient’s level of sedation (maintenance rate) — 0.0 to 75
pg/kg/min. DC is designed to correlate these two ranges, such that a clinician
simply enters a maintenance rate (MR) and DC will calculate the appropriate
loading dose (LD) with the following equation in the case of propofol:

LD =0.5 *W * (MR / 75)



[0020] A. Initiation of Sedation [0021] An anesthetic drug such as propof ol
provi des | abeling recommendations for initiating sedation (|loading dose) -
0.0 to 0.5 ng/ kg, and infusion rates for maintaining the patient's |evel of
sedation (nmaintenance rate) - 0.0 to 75 g/kg/mn. DCis designed to

correl ate t'We3WOBSY anges, such that a clinician sinpPETASR@WEG20349

mai nt enance rate (MR) and DC w |l cal cul ate the appropriate |oading dose
(LD) with the foldlew, ng equation in the case of propofol: LD = 0.5 *W* (M
[ 75) 4 WD 2006/ 016952 PCTI US2005/ 020149 where, LD = |loading lose (nmgy), MR
= mai ntenance rate (g/kg/mn),.. = wej ght (kg) of the patient 0.5 = 0.5

mg/ kg 75 = 75 g/ kg/ m n. %{Qﬁ) nsxgse&msbr drugs, and application, simlar
correl ati ons can be dev%ged.. tV\hi | e tt ege, correlations will often be
defined in ternms of the FWS?W%@%Q’&%W,’ this does not have to be

true for all cases. So dr. i ot ages that are |ess dependent or
essentially i ndependenmf ‘%g | @?\%ﬁ vvglrégﬁg%or typical patients. The

equation that has been ggwebgpsgikg or propofol above is based on the nmaxi mum
| oadi ng dose (0.5 ng/kg) recomrended for the drug and the therapy (e.g.,
consci ous sedation) in vilsi=Cts figlieg/minig i S used and the naxi num mai nt enance
rate (75 pg/kg/mn). In this case the fornula is a |linear proportion or
linear interpolation. The clinician nmay sel ect a nmai ntenance rate
corresponding to the Ilevel of anesthesia he desires to achieve, e.g., ASA

gui del I nefyodse dgaf dih dells! &ld BppliQliof efbiar WBHARAYE cA6: ARRRpANSFLNEST @ and

based on eratio o enance rate to the nexi nmun mai nt enance rate
recomrended for thest comsiakipnawilloftenfbetdnfineddn tegms af the stight) ofithe patient, dleis er ni ned.

S TR L A TR
dependent or essentially independent of patient weight for typical patients, The
equation that has been developed for propofol above is based on the maximum
loading dose (0.5 mg/kg) recommended for the drug and the therapy (e.g.,
conscious sedation) in which the drug is used and the maximum maintenance rate
(75 pg/kg/min). In this case the formula is a linear proportion or linear
interpolation. The clinician may select a maintenance rate corresponding to the
level of anesthesia he desires to achieve, e.g., ASA guidelines are drafted in terms
of mild, moderate and deep anesthesia and based on the ratio of that maintenance
rate to the maximum maintenance rate recommended for that application of the
drug, a loading dose is determined. Thus, in accordance with certain
embodiments of the invention, the equation relating loading dose to maintenance
rate will represent a linear proportion or interpolation based on the loading dose
and maintenance rate ranges suggested by the supplier and still more specifically
based on the maximum loading dose and maintenance rate suggested by the
supplier. These ranges may be therapy specific, for example, a different
proportion or interpolation based on the drug label’s recommended loading dose
and maintenance rate for that therapy would be used if general anesthesia as
opposed to conscious sedation was the objective. The loading dose calculation
flow chart is provided in Fig. 2F where the calculation based on the maximum

label dose is shown as program step 260.



rate will represent a linear proportion or interpolation based on the

| oadi ng dose and nai ntenance rate ranges suggested by the supplier and
still nmore specifically based on the nmaxi mum | oadi ng dose and mai nt enance
rate suggested by the supplier. These ranges may be thera sgecifi c, for
exanpl e, a V¥PRIEPLENAT2 proportion or interpolation basedl’é’ﬁ%ﬁ‘@ %Y | abel ' s
recomended | oadi ng dose and nai ntenance rate for that therapy woul d be
used i f g@it2shl aAfestiedsadingdose AHp)isas ednccatrniadeal, the ansstitktit deliverpsystehe

obj ective. The | j .dose cal cul.atio flow.chart is.provided jn Fig. 2F
V\/njere the cal cul 3@&3%@&‘&%&@%@%&%% %H&Pgﬁlﬁﬁmﬁfsﬂ%‘ﬁﬁvﬁe@@l* rggr am
step 260. 5 WO 2Q06dhawA WPRigPH, [théNda8ig 8548 taPDbe ddbididterdf ih Qragill thdubtgshl Ng dose

(LD) has been cal cul ated, the anesthetic delivery system (ADS) wil |

aut omati cal |y delmeast of g confpiiesrinduystion model {eeregram datcaningian 268.e (MR). As
shown in Fig. 2B, the | oading dose can be adm nistered in a rapid induction
nodel or gemat r ql RepidiAdiasd On nodel (see program determ nation 262).
[0024] 1. "Rapid Induction [0025] In one enbodinent illustrated in program

step 222 in Fig. 2B, the ADS can deliver the LD at_the maxi num punp rate.
For the pl#U38ke dnon¢pmbedimentdliustraisd in program sigp 222 Figs 2B, the ADSCaFaxi num punp

rate. DC first caf.g I i el iiveradohe LD at
099 i 1 hr: LD t1 entdhrD ol i e B TRERdee bPURRIHNNE! ock?

conver si on from holthrsviil be s te isenidrpumprdtel 00 Srst dadculatestbetime at | on of

t he propofol solution / . Jhe LD-1] IS _{.hen converted into sanpling
interval s. For tﬁngp&%g%n%itoidpﬁmhea¢¢gﬁ9d&ﬂﬂ%:. a sanpling interval of 1.5
seconds will be used: LD intervals = LD Time / 1.5 100271 If the nunber of
LD-intervals is not an integéD, titnberB60C* kD¢ (10t 839)t he i nfusion rate

(m/hr) for the last interval (programstep 228) to deliver the renninder of

the LD using the equatigon:; IR LD remin = 999 *Idr;terval remain + MR m/hr *
(1- 1 nt er W8026} o ngyhere 3600 is the conversion hours to seconds (sec/hr) and 10 is the

concentration of the propofol solution (mg/ml). The LD _time is then converted

into sampling intervals. For the purpose of illustration only, a sampling interval

of 1.5 seconds will be used:
LD intervals=LD Time/1.5

[0027]  If the number of LD _intervals is not an integer, then DC calculates the infusion
rate (ml/hr) for the last interval (program step 228) to deliver the remainder of the
LD using the equation:

IR LD remain =999 *Interval remain + MR_ml/hr * (1 — Interval_remain)
where,

MR_ml/hr = MR *W / 166.67 = Maintenance Rate in ml/hr

Interval remain=LD_intervals —~ INTEGER(LD_intervals)

[0028]  Note that the 166.67 is the conversion based on 60 min/hr, and 1,000 pg/mg, and
10 mg/ml (propofol concentration).

[0029]  The ADS then delivers the loading dose for INTEGER(LD_Intervals) at a pump
rate 999 ml/hr, and then delivers at IR_LD_remain for one interval. This is shown



where, MR-m/hr = MR *W/ 166.67 = Miintenance Rate in m/hr Interval
remain= LD intervals - INTEGER(LD intervals) 100281 Note that the 166.67 is
t he conversion based on 60 mn/hr, and 1,000 g/ng, and 10 ng/m (propofol
concentratio@. 0029] The ADS then delivers the Ioadi ng dose for | NTEGER(LD
| nterval s) rate 999 nl/hr, and then delivers BET/YR00592¢1d%mi n f or
one interval. This is showmm 6 WO 2006/016952 PCTI US2005/ 020149 if Fig. 2B
:_B prﬁgrigsstepsimg?dz 28 pE@m?lst mi\%tn?lzg&f (Hninbﬂil af@fdﬂ@wﬁigméedrhl?l&ll\%oﬁn’;ﬂe)
, the start i very of t ct pu ate_o r
[0030] 2. Contron@ﬂ?hagl? ADS staxtn g |9?“Em(g‘éﬁlﬂ%¥tﬂf garkent
illustrated in Figr 288y, program step 224, the ADS can deliver the LD over
a specified period™of tinme, with a decreasing ranp that culnmnates at the
mai nt enance rate. For the_ purpose of illustration, 3 mnutes (180 seconds)
will be ul930hLs 2eontrled Biduelon nduction time. First, DC cal cul ates the
i nfusion rate (pg/kg/nvn) required if the LD were delivered at a constant

rate over [ogBfPs € IdadAlitive eEBB&im'éﬁttlﬁumﬂeﬁﬂpr LB dt r;\:félgi-am Fkp 20HWRZADYNer €,

1000 is conversion fromng to g. [0 shovvn | 3, tRe area of the

rectangl e (dashed&ﬂdﬂiﬁeﬂtheﬁmeea a)echmQ!leylmeb Weth@dme@ﬂmmmprihﬂ&ct i on
eriod (180 seco ment ,
'Ito he obj (ect ive i s%@%@%cuﬁktmmg{g?mﬁ%&? ﬁﬁ{eﬁ]%%ﬁéﬂg%%aw odgllrm%ufﬁz%ryanp S

equal to the ar eaecoﬁdst)lméllroeutﬁmgltlm@tmhnnaﬂn&gcubhanﬁermrstm@cal&ihmsthe
acconplished with basic,g First, C termnates into the
Mai nt enance Rate! tﬁ%?’%@&eqe“g@‘%‘b %“‘E&/‘E@me?rﬁ tacongtant e QY of ¢ he
Control | ed I nductiee3pemitesl, the area under the Mai ntenance Rat e can be
ignored for the follow ng analysis - so the focus can be on the areas above

the MR Then, if the ranp is_such that the height of the ranp is equal to
two tinmes the height of Temp_rate =1000 *LD/ Q’S

[0032]  where, 1000 is conversion from mg to pg.

[0033]  Asshown in Fig. 3, the area of the rectangle (dashed line in Figure 3) defined by
the Controlled Induction period (180 seconds) and the Temp_rate equals the LD.
For this embodiment, the objective is to calculate a ramp, such that the area under
the ramp is equal to the area of the rectangle defined by the Temp_rate. This is
accomplished with basic geometry. First, since the ramp terminates into the
Maintenance Rate (dotted line at 75 pg/kg/min in Figure 3) at the end of the
Controlled Induction period, the area under the Maintenance Rate can be ignored
for the following analysis — so the focus can be on the areas above the MR. Then,
if the ramp is such that the height of the ramp is equal to two times the height of
the rectangle (above the MR) then the area under the ramp is equal to the arca
under the rectangle. This is illustrated in Figure 3; A1 = A2, therefore the area of
the triangle equals the area of the rectangle.

[0034]  The DC first calculates the difference (Delta) between the Temp_Rate and the
MR:

Delta = Temp_rate — MR

[0035] then in this example, the starting rate (ug/kg/min) for the ramp would be



the rectangle (above the MR) then the area under the ranp is equal to the
area under the rectangle. This is illustrated in Figure 3. Al = A2,
therefore the area of the triangle equals the area of the rectangle. 100341
The DC first calculates the difference (Delta) between the Tenp Rate and the
MR Delta ="fAIPPHE12 - MR [0035] then in this exanpl e, PEEUSHES2DHY rat e
(pg/ kg/mn) for the ranp would be 7 WD 2006/ 016952 PCT/ US200S/ 020149 2 *
Delta [0036] and the slope (gg/kg/ m /De)a of the ranp in this exanple woul d
be Slope = 2* Delta / 3 [0037] where 3 is the induction period. However,

this assunes a continupus ranp. . The ranp. i s, actually series of
decr easi ng&@ﬂaps @ﬂ@ﬁh@FMW@@)WDgPWP%;ﬂW‘P@P‘PM%&/% , Which is 1.5

seconds in this illustration). The area under this "staircase" nust equal
the area under the ranp, in ordergfge=bRpelthy30 be correct. The sane
geonetrical principal applied above applies here as well, and is

illustrated in Figure 4. If the height of each step is equal to the average
hei ght of [003@k r avhsreoyisitha indudtion petiod. dlovedven, this aasemes aantingmis ringp. SHree.

[ 00381 Thereforendhe s i /[ kal.m for.t r IS4 [TOr €
correctly expresse%m@slggéi'%%ﬁégﬂéﬁg@%%st( acbs%ﬁldgg%%by%e/ 40 [ 0039]
where 40 is the ruabkg iafervahHiesis tl isetondy #rthis illistrtien)( The aee andwd tint er val s)
- converting the“stléi%)e Jrom" pﬂgr m nut " ‘E‘O " per igtce{v | " 0401 The ADS
delivers the LD sPaFeasgnutt eaval the Jreq under theeiny Mppderdguihe LR CAZSEN  rat e,
each sanpl e, overryeRgndgedmedricit aﬁﬂgﬂhag@egkﬁgél[h%}f?e%ﬁlfisl nt erval

count / 40 Intervalcount” = In?th?‘ggall_ count" 1 ¥ ere,
I nterval - count i sllestrated in Bigurerta dkthedieighteofisaduptensis iequal bsf the meeragecheightipf es i n
the 3 m nute per 'tﬁéjrmrfﬁ‘tov%egt%jin%wélqﬁeées[pvﬂﬂﬁag%etsgﬁe.l nfusion rate will be

equal to

[0038]  Therefore, the starting rate (ug/kg/min) for the ramp is more correctly expressed

as.
Start IR =MR + 2 * Delta—(Slope / 2) / 40

[0039]  where 40 is the number of samples taken over a minute (1.5 second intervals) —
converting the slope from “per minute” to “per interval.”

[0040])  The ADS delivers the LD starting at Start_IR and then ramps down the infusion

rate, each sample, over the next 3 minutes:
LD IR = Start IR - Slope * Interval _count / 40
Interval_count; =Interval count,.; +1

[0041]  where, Interval count is a counter tracking the progression of the 120 samples in
the 3 minute period. At the end of the 3 minutes the infusion rate will be equal to
the MR selected by the user, and the ADS will continue to deliver the MR.

[0042) It is important to note that all the calculations are in pg/kg/min, therefore before
sending the rate to the pump it must be converted into ml/hr. The standard
equation for converting from pg/kg/min to ml/hr is:

IR_mbhr=IR * W/ 166.67



the MR selected by the user, and the ADS will continue to deliver the MR
[0042] It is inportant to note that all the calculations are in pg/kg/ mn,
therefore before sending the rate to the punp it nust be converted into

m /hr. The standard equation for converting fromgg/kg/min to m/hr is: IR
m/hr = | RWOMOs0I8E 67 8 WO 2006/ 016952 PCTI US200S/ 02EEIFS20058%34° | n

anot her enbodi nent for the Controlled Induction, DC could sinply deliver the
Tenp_Rate over the entire tine period, then switch to the M ntenance Rate.
This enbodinment is illustrated in Fig. 2B of the flow chart. In the

br 06 am s 800435 50 15 St emepRinipth o Bt priRed Bcsion, P An8eiBBs 8, ¢ e
control | ed i nductyestp Remd@verkhé entir® @felperd it then siwiteh @ahs Mahfehaalonge basi cal |y

portrays how anesthésSiol ogi sts, who are, trained in _pharmacol dnetic

principals, sedat®uiserphadiment is Hpairated in Eig, 2B # thedlog charty &g thedustrated

automatically cor aﬁ]ﬁ] J: - Wt ' H{ﬁzﬂﬂ (or

Vi ce versa) so theé@oon yt’%égﬁ%%ﬁéﬁ%% e?jBl%tgonzz%hp e F\ﬁgz%(f tgr. For
exanpl e, wher easselectitigitetypeendhe mpid industopimpde 232:0r theaadérdlial mdlkdien frmde bot h

t he | oadi ng dose 2Qnd the mai ntenance rate in order to rapidly initiate and
mai nt ai n sedatior% a ADS wusing the DCis able to calculate the appropriate
| oadi ng dose based on a given naintenance rate. Thus, by entering the

desi red ng)0u4dnariie nialic destrideld @bpaibasivdlly pol¥tays ibwnméstiesiologistvbulaft es t he

| oadi ng dose needed t.Q rapidly.bring the pajient's |evel of sedation to the
sel ected nai ntgnéW%PM‘}egﬁﬁ Bptﬁ%g &2 patgpk %%&&@&dmtﬁg&%@d by the
constant i nfusi Orpeddusé h%u@ﬁﬁﬁbﬂly%rr@ﬁteﬁ'ﬂﬁﬂ@dﬂﬁ% dodé ®ith (IROAZhtehRRY SitS @Y, the
DC can al so cal cul ate a mai ntenance rate based on a given | oading dose

val ue. MR = 75 * Vi Yersapscsthat anjy ofegguaiehle 5 neadiidiie pomppte dheetthes Feicmamplen
[0047] DC al so a'»b}%‘ﬁ@asir?(he:qﬁm&%’é i0%h heddBd ﬁ‘v@‘ﬁ&"fdr%\éﬁ%th@[ a&iggﬁB%eO” when
the clinician prograns a new ndi ntenance rate. [n prior et hodS 0 drug

i nffusion, if an andthe maintenance rate in order to rapidly initiate and maintain sedation, a ADS

using the DC is able to calculate the appropriate loading dose based on a given
maintenance rate. Thus, by entering the desired maintenance rate for the patient,
DC automatically calculates the loading dose needed to rapidly bring the patient’s
level of sedation to the selected maintenance rate. The loading dose is

administered followed by the constant infusion at the specified maintenance rate,

[0045]  Conversely, the DC can also calculate a maintenance rate based on a given

loading dose value,
MR =75*LD/ (0.5 * W)
[0046]  B. Adjusting Level of Sedation

[0047] DC also aliows for rapid adjustment to a new level of sedation when the clinician
programs a new maintenance rate. In prior methods of drug infusion, if an
anesthesiologist intra-procedurally decides to change the patient’s level of
sedation, he will typically adjust only the infusion rate, and not deliver another
loading dose. This results in a slower adjustment from the present level of
sedation to the new level of sedation. However, DC can calculate an incremental

loading dose for each change in maintenance rate. This results in a significantly



anest hesi ol ogi st intra-procedurally decides to change the patient's |evel of
sedation, he will typically adjust only the infusion rate, and not deliver
anot her | oading dose. This results in a slower adjustnent fromthe present
| evel of sedation to the new | evel of sedation. However, DC can cal cul ate
an i ncr ement™? 200¢14%2ng dose for each change in mai nt enaREBUBPH02018| S
results in a significantly 9 WO 20061016952 PCTI US20051020149 qui cker

adj ust ment becaus guitledr h¥j@stinegt tRoause delivefinghn fiditishal RPisHapidlyr Brﬁ%ﬂl{ehe

patient to the new | evel of sedati.on, £00481 1. Increnental Cumul ati ve
Loadi ng Dose [ 004pgtiepto ‘g §7%H#0%-he i nvention, a correlation is

est abl i shed between | oading dose and mai ntenance rate. Based upon this

correl ati ofpo4dly t 1 Aakementhlidd CiesuldiveTotding Pag Ng dose, the ADS can quickly

define a bolus or increnental |oading dose that will rapidly produce a
| evel of s ion_that .is caonsjstent_ with the new |nt nance rate The
clinician @Bgé]r anB! ERAAMSS Wﬁtbﬁ@vma%ﬂ%@aﬂﬁﬁ g WdwBr es by

i nputting a new ”Bbééfaﬁéf'ﬁiaﬁx%‘e Eﬁ%@a&h%ﬁﬁféoﬁm%ﬂeﬁﬁoﬁ%gﬁ# %he W th the

desired | evel of sedati on. I nt enance rat els
request ed, DC wi | hccomuintaddoaslingrdose,dbelAR§ cawgeickly definecabdluy ortitmremental

' b b h I
B S R s T S e e e

in Fig. 2F step &fRAckandsemminberatd) cTHertinielHa hicpkarhOcddh g ifliedevehbfiRditnbe
adm nistered to tg atient, Increnmental LD =0.5* W* (MR new/ 75) -
LD- cum [ 00501 Bef ?%r £ Spsien By inputting f nRw maleeaneeratethat the shinicigsesspdistesdel i ver

this "incremental winmamking lé%ﬁf&éaaﬁﬁp'ﬂlzﬂhﬁéh%ﬁt&?&n@é‘fa‘t@&fanﬁé@m the

present |evel of sedation to new | evel, and then nmaintain this new
| evel of sedatio nreaqudeDﬁeerﬁalcnlawhﬁbedma dose requires for tirheevOmaintenanage

Loadi ng Dose may W | ]ﬁ% IHX E!Bl | ng fornul a:
LD cuml= LD cum. pa?ﬁﬁag%tﬁﬁgoi‘faﬁ%ﬂ e\?Ee](rigigg uring sg)?r% lo ‘R’\Q&

previously given (cumulative loading dose — LD_cum) as shown in Fig. 2F step

262 to compute the incremental loading dose value to be administered to the

patient.
Incremental LD = 0.5 * W * (MR_new / 75) — LD _cum

[0050]  Before starting the new maintenance rate, the ADS will deliver this “incremental”
loading dose to rapidly bring the patient from the present level of sedation to the
new level, and then maintain this new level of sedation at the new maintenance

rate.

[0051]  The Cumulative Loading Dose may be computed as shown in Fig. 2E by the
following formula:

LD_cumy=LD_cumy.;+ amount of LD delivered during sample

[0052]  Thus, the loading dose needed to rapidly increase the patient from the present
level of sedation to the new level of sedation, i.e. the incremental loading dose, is
calculated by calculating an initiation loading dose for the new maintenance rate
and then subtracting the cumulative loading dose already delivered to the patient
as shown in Fig. 2F, step 262. Fig. 2E illustrates the calculation of the cumulative
loading dose. In the illustration the cumulative loading dose is adjusted to add the
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[ 0052] Thus, the | oading dose needed to rapidly increase the patient from
the present |evel of sedation to the new | evel of sedation, i.e. the

i ncremental |oading dose, is calculated by calculating an initiation

| oadi ng dose for the new mai ntenance rate and then subtracting the

cunul ative IYWAHY1%8¥se al ready delivered to the patient PCRASZNMI4N Fi g.
2F, step 262. Fig. 2E illustrates the cal culation of the cunul ative | oading
dose. In the ill uambadtioffoddlhg dossaddad duting axaniplegnepak Cdcodatjonsifée t o add the

10 WD 2006/ 016952 PCT/ US2005/ 02014 mount. of .| oadi ng dose .added during a
sanpl e interval . E3F o %%OSfﬁalen@lfrﬁga‘ﬁ‘PP%mFm‘ﬁﬁ“ﬁiMﬁe ¥he
addition of the I&faﬂ@ﬁymﬁhpihmbﬁtﬁnﬁaﬁ@dis%hov%@%ﬁmh P3P ifripstct i on

met hod is shown at program'step 252 in Fig. 2 ernatively, this
addi ti on can occuAliggiahyelythis additiontanagoyrging thenpntxelledinduction as ghogmdmm st ep

250 in Fig. 2E | b !H gp-@g t: f] adi ng
dose i s reduced Z@%%ﬁﬁwé??%}%%% o?ﬂ)t e gﬂsredggeﬁg?ailﬂfﬁé&%&h%{v?on,
assune that to aclading dost Bralucef asshohah ait54. cor r espondi ng to nai nt enance
rate of 50 gg/kg/mn requires an initiation |oading dose of 0.33 ng/kg, and

to achi eve vel, of sedati corr.espondi o ., nmainte e,rate of 75

g/ kg/ mn ré@é%‘feslF&ﬁ%RPW%"t‘%SH“ﬁ%Bﬁ%ﬁE“H‘S@%‘ﬁW% ai%nf?r}gqf’da\mgn t he drug
i s being adn ni st @pRekpahdidg oUhdifhantBidld S5 G/ mirtreflired @n inlfidtdnNodaind t he
physician desires to increase the patient's l'evel of sedation with a

mai nt enance rate @&pserd OgfBne/kg.rind bCchisye d lays) ofispdation serrespendingtet al | oadi ng

dose of 0.50 - 0.33.= 0 17 {0 ki h ' . t.0.. | st%qﬁ)tion
correspondi ng to%aﬁ'gmgag\%\?rﬁ%ﬁoﬁgﬁgﬁ(%mﬁﬁ@ﬂg?%@tfp%)oﬁﬁﬁgdé‘;sesoenf| ally, the
i ncrenental | oadi & OWher £ dhigdslbéitg SdrmiABterdicat painren maimertahics farvs500f
sedation corresponding to new _naintenance rate is calculated by taking the

di ff erence betweer nd themhasician desirehly iaerease theqatient s levsl of sedgfion with i ent

to a specified nai = [ m n)
and the cunul ativg%ﬁg#ﬁgeéﬁgéﬁéﬁg m%ﬁ%%é‘g e%’%h"h@%&t{%n g
(present MR=50 g/ igéeof0.50.-00.95 5 Q1B b kig) patienkiiola leveboftaedation chgespaddimgnt

fromVMR=50 to MR=75, the cunulative LD_ adm njstered to the patient for
MR=50 (0.33 ng/ kg)o ihe newpmainiepange rateysf 7o g/ke/min. Essentially, the incremental loading

dose required to bring the patient to the level of sedation corresponding to new

maintenance rate is calculated by taking the difference between the initiation
loading dose required fo bring a patient to a specified maintenance rate (e.g. LD=
0.50 mg/kg for MR=75 pg/kg/min) and the cumulative loading dose already
administered to the patient (present MR=50 pg/kg/min, LD was 0.33 mg/kg).
Thus, to bring the patient from MR=50 to MR=75, the cumulative LD
administered to the patient for MR=50 (0.33 mg/kg) is subtracted from the
initiation LD for MR=75 (0.50 mg/kg) to get the incremental loading dose of 0.17
mg/kg. Accordingly, an incremental loading dose of 0.17 should be given to
increase the patient from the present level of sedation to the new level of sedation.
The new LD.ym would then be 0.50 mg/kg which would be used to calculate a new

incremental loading dose if another new maintenance rate is desired.

[0054]  The “administration” of the incremental loading dose during a procedure when a
physician decides to increase the maintenance rate, differs from when a physician

decides to decrease the present maintenance rate as further described below.

[0055] 2. Increase in Maintenance Rate: Rapid Induction
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initiation LD for MR=75 (0.50 ng/kg) to get the increnmental |oading dose of
0.17 ng/kg. Accordingly, an increnental |oading dose of 0.17 should be
given to increase the patient fromthe present |evel of sedation to the new
| evel of sedation. The new LD~, 0" would then be 0.50 ng/ kg which woul d be
used to cal cHPIPUOL%%\y i ncrenental | oading dose if anotRe3fUSAM&0M#Nt enance
rate is desired. [0054] The "adm nistration" of the increnental |oading dose

during a p[00§6]durQuﬁﬂgfﬂle%rocﬁmltﬁéﬂ@s&%'tﬁiﬁeﬁeﬁﬁﬂé%@%&%&h%ﬁﬁdﬂ%enance

rate, differs fromwhen a physician decides to decrease the present
mai nt enance rate WW%%W%@PWGW frowrdento sapidly bring the patient’s

Mai nt enance Rate:y e@é’iFHfg?PaﬂgH‘tbttﬁgﬂewiejvel\@s&ﬁ%&%éqgégmgﬂillwcﬁﬁe pa?l ent is

[ 0056] During the procedure hysician nay determ ne
under sedated anddchmredasﬁletﬂaaental ntenance rate. In order to rap| dly bring
the patient's |evel of sedation to the new | evel of sedation,

i ncrenent a adl ikl N r 0 In t he
Rapi d | ndu@og gﬁﬁg }tﬁl&‘{cﬁggﬁ@@%&\#ﬁ tggejﬁ'd\? %CBQ%[BE &E

p(r)]ssi bl e, sgt It| ngpéﬁfblqawmngmb@umpraemh' atimumakie (6.8, 999m%ﬂ uﬁihllthé Ll)liﬁl}:)icl
the LD is eliver the.injtiatjon L in thys ease

nmust deliver the ch?ﬁ 8?1" ﬁ‘ 9\*\15 ﬁ@e%&lglpﬁ LYWHEF'S#]Bn rate
nust be account edof @ dfiin eﬁle&gcnhmh@w é?ciht:ﬁ% irifiGorl fRtelhii® be L&Q&%Ld foisn for muil a
to determne the length of tinme to deliver The LD at 999 mi/hr is: LD tine

3600 * LD/ (10‘1130@19919t10n1!ﬁh¢1'ﬁ’r%6[0059] where MR m/hr = MR * W/
166 67, and MR is not the new mai ntenance rate, but it is the existing
mai nt enancpsg €. TR fohiutalo bBErEHERY Fongfl ofth?%ﬁg@ YD kDo ARG:t he ADS
starts dellvering the new mal nt enance new), the varia e ‘Wwill be
reset. This is illustrated in Fi 2F, at step 268. LD tinme is converted
into intervals (again us%ﬁmf’?:g@@dﬂd%/ﬂ@r* (PE?SMRL_FMGE})rati on): LD

intervals = LD time / 1.5 [0060] Again, if LD intervals is not an integer,
DC nust cahﬁg&]at ew&mg% Mﬂitlﬂﬁﬁrog Nﬁfq‘ A 166.67, and MR is not the new maintenance rate,

but it is the existing maintenance rate, prior to the change. At the end of the LD,

once the ADS starts delivering the new maintenance rate (MR_new), the variable
will be reset. This is illustrated in Fig. 2F, at step 268.

LD_time is converted into intervals (again using 1.5 seconds for this
illustration):

LD intervals=LD time/1.5

[0060]  Again, if LD intervals is not an integer, DC must calculate the infusion rate
required to deliver the remainder of the LD during the next sample interval:

IR_LD remain =999 * Interval_remain + MR_new_mlhr * (1 -

Interval remain)
where,
Interval_remain =LD_intervals —- INTEGER(LD_intervals)

[0061] and MR new_ml/hr is the new maintenance rate converted to mi/hr.
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required to deliver the remainder of the LD during the next sanple interval:
IR LD remain = 999 * Interval remain + MR-new-nm/hr * (1- Interval remain)
where, Interval remain = LD intervals - INTEGER(LD intervals) [0061] and
MR-new-m /hr is the new maintenance rate converted to mter. 12 WO

2006/ 016952 WRHSXE8S/ 020149 [0062] The ADS will del i v@CTUS2005620d#g dose
at a punp rate of 999 m/hr for INTEGER(LD intervals) and then at an

i nf usi on r pn@2f TR WDS willRielivératie RAging 86587t £puni) fabd ofBOINArif the LD the
ADS w Il set MR to MR new,  and gﬁ?lfﬁ;d dellver¥ of the_new nmai nt enance rate.

[0063] These equaM@Egg@.B%@W then¢fap dnfpsipnyrafeof IBLD: rempin fopeng ne
initial Loading e.dﬁhbwmeﬁgmemamswmlgatm&@mrﬁeans&%dr\]ﬂ;é%ﬁ{ e set to

zero, and the initia mai ntenance rate is treated as MR Thew, he sane
equati on can be uddiivefof th¢ hew Rapitehaheedatet i on mai nt enance rate increases.
[0064] 3. Increase in Maintenance Rate: Controlled Induction [0065] In the

Control | ed cti ' . WM ' . e
speci fied {que@%ﬁwhﬁa@é 1Pz(ﬁ)lﬁ ?%t%ésltté g’?%n\ﬁ%%sn%o %ﬁk@fn%rfﬁ%eadien%i sting
MR. See step 269Dose dliyery2 ff atAtarbupt botlahDi ¢uind arsit MBIard $8¢ td%ere, ahd tHedhieial
constant rate: ToMpepaerienaouedss VIR o e e yree co0ueR g e et Al
nai nt enance rate wapiddnditib® natniéhan@VatdBhdpéss@ance rate (MR new), but the

rate prior to changing the nmaintenance rate. In this way, the | oading dose
I's being adm nistered on top of the existing. maintenance rate. [0067] DC

t hen cal cul6dk t Helngrepsean Maintepancs Bals: controlledinduelione and the MR new. Delta
= Tenp_rate - MR new [0068] The starting rate (g/kg/mn) for the ranp is

then: Star{dogsF M he\CotitrelledMBticlion efnBbdiR@nt the ADARvill[R6S khaiNd obéians ! ope of

the ranp (g/kg/mn/mn) is: . )
specified time period (3 minutes for illustration) on top of the existing MR. See

step 269 in Fig. 2F. As with an initiation I.D, DC calculates infusion rate
(pg/kg/min) required as if the LD is to be delivered at a constant rate:

Temp rate=1000* LD /(W * 3)+ MR

[0066])  Again the maintenance rate value is not the new maintenance rate (MR_new), but
the rate prior to changing the maintenance rate. In this way, the loading dose is
being administered on top of the existing maintenance rate.

[0067)  DC then calculates the difference between this Temp_Rate and the MR_new:
Delta = Temp_rate — MR_new
[0068]  The starting rate (ug/kg/min) for the ramp is then:
Start IR =MR_new + 2* Delta — (Slope / 2) 40
[0069]  and the slope of the ramp (pug/kg/min/min) is:

Slope=2 * Delta/ 3

[0070)  The ADS delivers the LD starting at Start_IR and then ramps down the infusion

rate, each sample, over the next 3 minutes:
LD IR = Start IR — Slope * Interval_count / 40
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Slope = 2 * Delta / 3 [0070] The ADS delivers the LD starting at Start _IR
and then ranps down the infusion rate, each sanple, over the next 3
mnutes: LD JR = Start IR - Slope * Interval-count / 40 13 WO 2006/ 016952
PCT/ US2005/ 020149 Interval _countx = Interval _countx t + 1 [0071} wher e,

| nt erval _colK® 20060898 unt er tracki ng the progression of PREUS2ISEMWAN es in
the 3 minute period. At the end of the 3 minutes the infusion rate will be
equal to the MR new, and DQntstval ceowmit, MintervsRcomus.ahtl continue to deliver
the new maintenance rate. [0072] These equations are sinlar to the

equations for the initjial Loading Dose deljvery. |If at start up both LD cum
and MR ar e[®81 t o whgtealnterealocountig acpunteriacking theprpgressionof thed20samples iy a5
MR-new then the s cal PN i on

Vai nt enance Rat e Thcy o pergoAg e a Shtle s imle the AR e Witbe b

i ncrement al LD catheddR| new,add DC wilcshMRam MR atw andoentinnéito deliventhohdved

I nducti on" peri od, .C074 4 Decrease in Maintenance Rate [00751 If the

mai nt enance rate i iy (e.qg., if the clinician feels the patient is
over- sedated) the |ncrerrent al | oading dose will be negative, However, it is
not possi f0d2} o \mhbdfechqaamms a@Sirhilay o thbeqmbhsefottheﬁfahmmmé delivemsgat i ve

| oadi ng dose is Fi 2C. To nul a egative, |l oadi.ng dose, the
DC cal cul ates ipﬁ% b&h‘grt'pﬂ%“‘f %n%@}@ae% zg@rﬂ(&h ‘3&1 negati ve
dose at the exi st mmnteﬁﬁwkaemagmen@@aﬂﬂmmb@qﬁa%wmbe%%a%rtanme 60 *
1000 * LD/ (MR* where, 1000 is a Conversion fromng to pg, 60

conversi on from m inple Indnetiom MzintenancaVkate increpgesexi st i ng mai nt enance rate
prior to the change, not the new maintenance rate (MR_new). This is shown

in Fig. 2F; oihggr OG5 AThIRERIve @ﬁbom%m tﬁymeﬁfehmb%%a&efm?a tSnsBinte

decreased as own I n program step
over the “controlled mducho penod

[0074) 4, Decrease in Maintenance Rate

[0075]  If the maintenance rate is decreased (e.g., if the clinician feels the patient is over-
sedated) the incremental loading dose will be negative, However, it is not
possible to withdraw drugs from the patient. Calculation of a negative loading
dose is shown in Fig. 2C. To simulate a negative loading dose, the DC calculates
the period of time it would take to deliver that negative dose at the existing

maintenance rate based on the formula:
Zero_time= 60 * 1000 * LD / (MR* W)

where, 1000 is a conversion from mg to pg, 60 is conversion from minutes to
seconds, and MR is the existing maintenance rate prior to the change, not the new
maintenance rate (MR _new). This is shown in Fig. 2F at program step 266, The
cumulative loading dose is also decreased as shown in program step 254 in Fig.
2E.

[0076]  This time is converted into sampling intervals. For the purpose of illustration a

sampling interval of 1.5 seconds will be used:

Zero_intervals = Zero_time / 1.5
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[0076] This tinme is converted into sanpling intervals. For the purpose of
illustration a sanpling interval of 1.5 seconds will be used: Zero
intervals = Zero-tinme / 1.5 14 WD 2006/ 016952 PCT/ US2005/ 020149 [0077]
Again, if Zero intervals is not an integer, DC calculates the infusion rate
required toVO&IQI5E he remmi nder of the LD during the IPETUSZMAPIOMY | R zero
remain = MR new m/hr * (1- Interval remain)  where, Interval remain = Zero

inter ¥a: s]c footriyT( (Z@rgeini if@fd/_@itié‘r)/alb hé6Bin fﬁtt@eﬁb&b, Mduh:ctésttb@inﬁ&idn\d@fe)t ed

pr opof o or INT(Zero, intervals) a en beqi in s_ingat an i nfusion
rate of IR zero rm?wwéﬁrwﬁaﬁeigﬁﬁasgﬁ%mﬁﬁg the LD, the ADS
wll set the maintenance rate to MR new, and begin delivery of the new

mai ntenance rate. [O00TR]zero rémiih &NER O wildir Bl Usni@fvalPreap@d)ol [ 0080] During
the procedure the physicTian may decide that a transient increase in

sedation is required. In this case, a physician typically admnisters a
bolus that tenporwteré,y increases the patient's |evel of sedation. For
exanple, if during a surgical procedure, a nore sensitive part of the

procedure is about to lﬂg{ rformed, thqrﬁli S may gi.ve a bolus to raise
the patient's |evel of ‘é‘a'g&%‘ﬁ““t ﬁ{ﬁ’e’r‘i %ﬁ@?ﬂ-ﬁ%‘i&@ t he mai nt enance
rate remai ns the sane. When the transient increase in sedation is over, the

llevel of s@agj onTheWDIWill o diiver§\o8 bropRl fRENTIerd hitelvhBY afdUBed BYpiif €nance
rate. Because the nmaintenance rate renmains the samg, an intra-procedure

bol us does not af frdating Handufysipn rateef IRozaap emas Jer onesranliea Aifigncommpleting A
o . T O | oy
i ra - procedure. SidRoADRSEChERRtn R Ble WA B B oot BhyeBall \en

t he physici an askshefrew maibghaswerddC Wil | cal cul ate a fixed bolus (ng), for
exanple: Bolus = 0.25 * W[0082] In this exanple of DC, 0.25 was used as an

illustrati %79P0m@f?ﬂﬁa-ﬁ9¥edﬂw@cﬁﬁs of Propofol

[0080]  During the procedure the physician may decide that a transient increase in
sedation is required. In this case, a physician typically administers a bolus that
temporarily increases the patient’s level of sedation. For example, if during a
surgical procedure, a more sensitive part of the procedure is about to be
performed, the physician may give a bolus to raise the patient’s level of sedation
temporarily. In this case, the maintenance rate remains the same. When the
transient increase in sedation is over, the level of sedation returns to the level
defined by the previous maintenance rate. Because the maintenance rate remains
the same, an intra-procedure bolus does not affect the cumulative loading dose
calculation. Fig. 2A shows in program step 210 the determination that the bolus
(PRN) is an intra —procedure addition that does not affect the loading dose.

[0081)  When the physician asks for a bolus, DC will calculate a fixed bolus (mg), for

example:
Bolus=0.25*W

[0082] In this example of DC, 0.25 was used as an illustration, however, any number
from 0 to 0.5, which represents the loading dose range recommended by the
pharmaceutical supplier, could have been chosen (exceeding 0.5 would mean that
a single bolus would be larger than the maximum recommended LD for initiating
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fromO to 0.5, which represents the | oadi ng dose range recomrended by the
phar maceuti cal supplier, could have been chosen (exceeding 0.5 would nean
that a single bolus would be | arger than the maxi mumrecomended LD for
initiating 15 WD 2006/ 016952 PCT/ US2005/ 020149 sedation with propofol).
Since the boVH20%{%1¢%She delivered in addition to the exiPSI/G$300582M#%nance
rate the equations for delivering a Rapid induction |oading dose during an
increase in nai nt ssdafGewita popofdl). [BindéIRrbongIvdll bBdkkveréd MBditidRROMmE Bol us /
(10 * (999 - MRm/hr)) [0083] This tine is cgalyer,t ed_into intervals at
program step 212: ex‘ﬁBI&J%‘I’PWE%thE egptigns for delivering s Rapiddaductigmloading Bol us
intervals is not i BHEGES i i %%-ﬁ&]ﬂﬁ al culate the
infusion rate rquIIbrggd toﬁ({jlench&\'IseeIIht e ren%e?ﬁtgﬁﬁgg%eﬁgﬁ%%l us during the next
sanmple: IR B remain =999 * Interval remain + MRm/hr * (1- Interval

remai n) where, | ntervdbolpetimer 360841 Bodus/{1@F (39 MR myEQFR (Bol us
intervals) [0085] The ADS will deliver the Bolus at a punp rate of 999

m /hr for GE ' rvals) . and,then at jnfusion rate of IR B
remain forIIIgIgg smggﬂeqiﬁ@%ﬁﬁgﬂI%IWﬂ% EItIIreog%rI ﬁgP?EIjhe DC will renew the
delivery of the maintenance rate. [0086] In an alternative enbodi nent the
bol us can be delivered over aBbluxgnketvalse Baltsetimal/ 1.5 simlar to a Controlled
| nduction delivery of a LD during a mai ntenance rate increase. [0087] D.

Ex I -t e I f i i I i f th
ALY PR MRS N TN T S TR
I f the physician %%ﬁﬁ%ﬂéﬁ@gﬁﬁ%&iﬁ%ﬁ&?ﬂe@&ﬁaﬁﬂ%@ﬂ%@dﬁs&ﬁ-ﬁ%:'ﬂ}]egheé‘%i on LD)

mai nt enance rate change (i. uring the delivery of a Rapid
in one enbodi mensam@de cal cul ates an "apparent nai ntenance rate" based on

t he

IR_B remain = 999 * Interval remain + MR_ml/hr * (1 — Interval_remain)
where,
Interval remain = Bolus_intervals — INTEGER (Bolus_intervals)

[0085] The ADS will deliver the Bolus at a pump rate of 999 mi/hr for INTEGER
(Bolus_intervals), and then at an infusion rate of IR_B_remain for one sample.
After delivering the Bolus, the DC will renew the delivery of the maintenance

rate.

[0086] In an alternative embodiment the bolus can be delivered over a fixed time interval,
similar to a Controlled Induction delivery of a LD during a maintenance rate

increase.
[0087]  D.Examples

[0088] Non-limiting examples of various implementations of the above-described

embodiments of the invention are provided below:

[0089] 1. Ifthe physician changes the maintenance rate immediately after a maintenance
rate change (i.e. during the delivery of a Rapid Induction LD), in one
embodiment, DC calculates an “apparent maintenance rate” based on the
Cumulative loading dose delivered at that time:
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Cunul ative | oadi ng dose delivered at that tinme: 16 WO 2006/ 016952

PCT/ US2005/ 020149 MR apparent = 75 * LD cum/ (0.5 * W [0090] This
calculation is used in programstep 240 in Fig. 2D. [0091] The cunul ative

| oadi ng dose here woul d be equivalent to the cunul ative |oading dose at the
ol d mai nt endK@&Y641485%| us the total ampunt of |oadi ng doPETABRIGENEP duri ng
the Rapid I nduction prior to when the physician changed the mai ntenance

rate during the Rapid | ndugikOgppa@enshPse LD clrh 9(0.2E Wy ogr am step 252. [00921
I n accordance with one enbodi ient, DC next treats thi's change as a standard
rate change (either increase or decrease) fromthe apparent naintenance
rate to t H809New Feis aalewlatinnds pspddn progeamsstemfdyia FiH2Pul as as di scussed above
are used. [0093] 2. If the physician changes the nmi ntenance rate during a
Controlle uct ?‘)ﬁiﬂﬁ ' bl I es),

t he | oadi S\l[gb se '\'h’ﬂeﬁun&{lﬁvle? e d%s?lgeg?ggﬂlﬁiﬁﬁte @Q%lklté#%&?u%ﬁﬁg%gg%gri od.

| n the enbodi ment deshat the pllemiifitehance daté plue thedotaltanzouobefdoading dose delivesd t he

Control |l ed I nduction ri,od new constant .infusion,rate.ds calcul ated,
that wi || del i ver SHE PebAnA LRuAIs Bior ity hinshe Pratcian hieesl e miisncBooa] 1 n
the embodi ment wheustediring theRabid thdbetion as shabal in\Feg. 28 progam stp@seasi ng ranp,
the Dosage Controller nmust recalculate a slope and initial infusion rate. To

acconpl i sh |.S, uses a cgounter that | riggered in the Controll ed
I nduct i on ohhe. Et%%rsﬁﬂgﬁwe qﬂﬁﬁﬁlﬁ&@m@%?&@% tﬂ}stqﬂaqaezaéas&pdﬂféaﬁf 180
mnutes in 1.5 SQ%F?(eitﬂéﬁﬁéfé‘dsfébr déEP&Eb)Eﬂﬁ ﬁgﬁﬁrag%&drﬁénah%ﬁ%er ate and

Slope in the Controlled Induction node becone:  Tenp rate = 1000 * LD/ (W*
(3 * Ranp_count er n¢w nainjepanceyrte. The ptandardformylas asdigcugsed abgyerase vssdnt er /
120). [0095] The rest of the equations may remain unchanged. [0096] Every

i nterval digpo4g t . P&L}_ﬁé' Raim : bSntthifel SRk y 1,
reachi ng Omg?jlt heﬂgﬁgﬁﬂ]@%}lg@%&h nut eglfaﬂgnd Iﬁﬁggva -%gﬁ%t 'S mgg%tgsed by
1. If the physi clfanexamplegdsintes fonillusteation purposesh tiloading déve vastill bé | ed
Induction, the delivered in the original 3 minute period. In the embodiment where the LD is

delivered at a constant rate over the Controlled Induction period, a new constant

infusion rate is calculated, that will deliver the new incremental LD over the

remaining time.

[0094] In the embodiment where the Loading Dose is delivered via a decreasing ramp,
the Dosage Controiler must recalculate a slope and initial infusion rate. To
accomplish this, DC uses a counter that is triggered in the Controlled Induction
mode. Itis called Ramp_counter and is initialized at 120 (180 minutes in 1.5
second intervals). Then the equations for the Temp_rate and Slope in the
Controlled Induction mode become:

Temp_rate = 1000 * LD / (W * (3 * Ramp_counter / 120)) + MR

Slope =2 * Delta/ (3 * Ramp_counter / 120).

[0095]  ‘The rest of the equations may remain unchanged.

[0096]  Every interval during the Controlled Induction Ramp_counter is decreased by 1,
reaching 0 at the end of the 3 minutes, and Interval count is increased by 1. If the
physician changes the maintenance rate during the Controlled Induction, the

equation to calculate the new constant rate and slope uses the current value of the
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equation to cal culate the new constant rate and sl ope uses the current val ue
of the 17 WD 2006/016952 PCT/ US2005/ 020149 Ranp_counter- it is not reset
to 120. In this manner there is an imediate change to a new Start IR,
ramping down to the MR new at a new slope. This holds for both rate

i ncreases antP #8¢P¥3¥es (dependi ng on how nmuch of the or PETHEOSPAMONg dose
was delivered, there may still be sone LD to deliver despite a decrease in
the MR). If the Rahpuoahtes iliPnbiresenal20y & thisraarier mutetxmeﬂnmﬁhathehﬁgae zero
node. [0097] In a furth odi ne th can be confi gur, require
any change duri ng" aan%ﬁtf’ﬁiglrlﬁi’ba’&iﬂl‘?ﬁf&ﬂq@ghet ’E‘W?taan%ﬂi’lge rﬁ%ﬂ?‘g‘lscﬁobck I n
this case the OrlHétﬁa&te&méybea%&dédaaﬁsst(usgsn&ﬂgehh@ﬂ@nﬁ@ﬁwﬁw@l gitRPRadihg098]

3. If a bolus is selected during delivery o | oadi ng dose, the | oadr ng

dose can be int ed@sﬁp’(aéde]a\@r%ﬂlemmmW@pglei%tolﬂ@hw despiteadlecreaseyn thet er
del i [ the b f 0099
20 11t he i nt o, 16 oA ORRLEIDAOR EaliTe, HETHERHANATS e Tim® depeinoge. | O L

notes the naintenance rate change request, but continues with the delivery
of the bol [#897] | nfreaifusthed emtmilingant, ttheDEchnibe benfighed o cbghiry anyediangehdaribga

switches into an nce te no 0] Vi sory., Features
[00101] The concepbardRaTiERARHHelef Saet 5 it e tn i PR B sl A
mai nt enance rate h/ﬂilﬁemm&hi@qune“bﬁldeeflﬁeil vely integrated into a
conprehensi ve Supervisory Shell. A Supervisory Shell is a function enbedded

el very. AOYH Unantf e bhEr Jselpipa g ey S5 el dors, SiloAds TreE MR 1 at e
and | oadi ng dose gaérhiptedlas it AIDS QEIHRAChEDENE - Imnted@Y bfiereliGerghRE dAISOr Y
Shell can include (but are not limted to I nfusion"rate limts Stopping

drug delivery if Hwleding dosgisireruagy wheret R@f occur Reducing drug delivery
If certain conditions are net Potentially increasing drug delivery under

certain ci (00 9gyB ¢ an%&eh@&htw@wrﬁ&ekﬁmgw&mwmm JratRthsOfie BRY dotds

events (this applies nore
the mamtenance rate change request, but continues with the delivery of the bolus.
Immediately after the bolus has been delivered, the DC switches into a new

maintenance rate mode.

[00100] E. Supervisory Features

[00101] The concepts of the cumulative loading dose and the apparent maintenance rate
also enable DC to be effectively integrated into a comprehensive Supervisory
Shell. A Supervisory Shell is a function embedded in automated drug delivery
systems that is designed to monitor drug delivery based upon control parameters
in addition to the maintenance rate and loading dose correlation discussed above.

Elements of a Supervisory Shell can include (but are not limited to):

Infusion rate limits

Stopping drug delivery if adverse physiology or trends occur

Reducing drug delivery if certain conditions are met

Potentially increasing drug delivery under certain circumstances

Modifying controller parameters based on certain events (this applies more to

closed loop systems).
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cl osed | oop systens). 1s WD 2006/ 016952 PCT/ US2005/ 020149 [00102] 1. If a
Supervisory Shell is designed to turn off drug infusion in response to
adver se physi oI ogy, the DC can treat this as a nornmal decrease in

mai ntenance ‘'rate (stopping infusion is considered as a "decrease to
zero"). A Z&Q2006/P89%% || be cal cul ated, and the cunul at POBUSHASN2H9dose

wll be integrated down every interval. At the end of the Zero-tine the
cunul ati vefobidap | {. 166 Saperdies Shvil fesipied ta tiee bifRirGymRisidalig 8sporsB Ry Si 0l 0gy
returns to normal)_ the clinician will likely re- establish drug infusion at

a new mai nt enance2dvarsg physio pw,éhedefémﬂgfrﬁ%tblﬁa%nwn@l defgeasen myptepsice ti ne,
h & ¥
the DC may treat jhe @ ﬁm%art #s%ﬁ@ SOOI Jagcr?]geggv I\/%% )ﬁg% m&@mil me the

clinician deC|dedto rg usion) to th mew
greater than the bgpeeundated, IaﬁdﬂteMahb%loaChegldMVaﬂbamwgmtﬂ&d@\mweryf the new

D). [00103] The. FESTALe AL drecea of s s¥ie e s ol ifye £, PuesiaRR vBE
| nducti on, howevethe adﬁersdwenidmak S(phiadgMetubls t6 abmudi) the thnitiae will REIZ RS O

format. I n addition, clipician does not necessarily have to vval t until
the adverse phys.%ﬁ%@ dﬁafyme@ﬁfcwvvr@amwr% HrﬂHQOEf%‘FﬁRF&TPthF 04] 2.

|f the adverse evgfihe 26foUtifgdhe Bc! &é&?tqgébm ¥i @d the
Supervi sory Shel | stopped drug d e]?%,ery lDC use f%e appﬂggent at t he

time the infusi onﬂmmeyh@plpsci?.ndm@dlt@wmnﬁhmﬂmtbene\wm[If@liﬂfﬁ]wm A

Supervi sory Shel | e | n r onse to

certain conditi on%srgfé/ éﬁﬁ %p(?veefl{s)hﬁ?\ ?g'ﬁ l\égbxcf 39%}?&’ 'l sinply
requests a fixed Bﬂdﬁdéssdihn(thﬁappﬁl@%mrltﬁﬂmﬁﬂ'ﬁ)edla@aﬂbﬁem(ﬁﬁgelﬁw‘[QE).rate DC
will handle this as a standard MR decrease. An alternative way to integrate

DC within Shel to redu f usi on onse, an
adver se tr@ﬂyﬂi ﬁ{%a*qlé S 8?&&?1,920 mgﬁ?&ﬁ’@%{ é‘ﬁ@fﬁﬁe@eﬁ’ tﬁ
concept and tune Lbds fiégativeDC degaults i tHE Thie bérb Foririel Ukt ddaitiohOhé Bimisigverity of
the patient's condition, as indicated by tfhe trend. S ecifical l y, upon

det ecti ng wor seni AFSRYAscetsarly hareioaraitamiil the agversspbysiology clears befosr repC t o set
the MR to zero. TQ&&m@‘&dg&@V&%. DC to calculate a

[00104] 2. If the adverse event occurred during the delivery of a loading dose and the
Supervisory Shell stopped drug delivery DC would use the apparent MR at the
time the infusion was stopped, to calculate the Zero_time.

[00105] 3. A Supervisory Shell may be designed to reduce drug delivery in response to
certain conditions —~ such as adverse trends. If the Supervisory Shell simply
requests a fixed reduction (say 20% for example) in the maintenance rate DC will
handle this as a standard MR decrease. An alternative way to integrate DC within
a Supervisory Shell to reduce infusion rate in response to an adverse trend, s to
take advantage of the apparent maintenance rate concept and tune the size of the
infusion rate reduction to the severity of the patient’s condition, as indicated by
the trend. Specifically, upon detecting worsening physiology the Supervisory
Shell can instruct DC to set the MR to zero. This will cause DC to calculate a
Time_zero and begin integrating down the cumulative LD. When the condition
clears (physiology returns {o normal) the Supervisory Shell can inform DC to re-
establish drug delivery at the apparent MR (which exists at the time the
physiology returns to normal). In this manner, the longer the patient’s physiology.
is trending poorly, the larger the reduction in the infusion rate.
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Time zero and begin integrating down the cunul ative LD. Wien the condition
clears (physiology returns to nornmal) the Supervisory Shell can informDC to
re- establish drug delivery at the apparent MR (which exists at the tine the
physi ol ogy refurns to normal). In this manner, the |onger the patient's
physi ol ogy WQ%8¥d g pooriy, the larger the reducti on PCAUSEESPIN4SSI on
rate. 19 WD 2006/ 016952 PCTI US2005/ 020149 [00106] 4. A Supervisory Shell
may al so He0MeFi o @oSiperisdni Shel) tnhy alsd udesighe tdaémiv@alyistopl drugl@dlielySf
correctabl e prob!scfmwithi n t@e ADS. These Q' ens coyl d include ébut not
limted to) a di JeFg§asopsriadlesgn Ef%thlarﬂ&FE%B, a apsePorhiens erldaciudedyt
air-in- line deteﬂ&ﬁﬂﬁtb@tc%*ﬂ%jdl&fg’d&bﬂ&Mil'ﬂ@t_erﬂbbé,\dd%%ectéﬂfﬁcémléir-if the
Supervisory Shell ~stops delivery of drug in response to such a problem DC
first saves the pinesietected imthginfision ling, at & bagdvig) empbr: i ths StpervisoryShich

mai nt enance rate, _,W.tdy. ' r n Wy rrects
the problem DC cszti g%{%ﬁ@ﬁggg@ﬁsﬁo gg{&g San’(gll aﬁ?‘g‘\r(]igﬁ‘cg ra ééajg%stg%&gﬁeﬁfhe
cunul ati ve | oadi ngaitieascataté then perfermisiacleqesss iiemaintenandrmiecivithi the hleeMRC
perfornms an increase in | nt na{)c,e_ rate ' i on node

in the Rapid .I|nduc
pref er abl y) fro_mtfem';gzgff’pa ki W%&?E@g%tgﬁfgogl&%ﬁg% ppeRhince
rate. [00107] W tigaifenddes r&0BaR8 b tiRfcutnlBtiCoRHbIAL H¥R a'tlﬁfé(iirl]ﬁ@rhg lea'd the

apparent nmaintenance rate, a drug delivery systéeémwould have to rely on
si mpl e changes t ccornepted. vBhant 16 pedermsan éncrepeinanaiptignance tte Go theRapidadi ng

doses (negative It ' iﬂ!'ﬁ‘l | t e new

| evel of sedatiog&d'%%girlgo\(érg ,ef%g@weﬁ&ggﬁ]dgp%—e ex e%&u?g%%@o%géagwti me when
the patient is inagagnaicelrate.cared for. [00108] F. Integration of DC and an
Aut omat ed Responsi veness Monitor [00109] Due to patient-to-patient

variabilit dr I | cal It r t.0 cllni ffec - the
clinician lﬁ%is"t tuﬁgﬁ?ﬁéﬁﬁ #gespﬁso%flty%%%n@%{vggw\gedog %%Ilc(f%? %&%@%f ect on each

i ndi vi dual pat i enhainfehidrich edte, axdiug Belivepisystern vwoulitlews toithngesitiple ch@ngefid cour se
of a nedical progedure, the clinician W”L have t.o0 titrgite t he drug 50

mai ntain a desi r 8¢ maptenancedptes Therepypuld gt pe payloading doses (negaiiveiop ot ve

paranet ers, such @sbiHeQRraphl R5Verent oPBe Sied 16eF S Yolitital ThERRI, Wete L NAL 3
fully autonmated dru el1ver
co

d be extende&l periods of time when the patient is inadequately cared for.

[00108] F. Integration of DC and an Automated Responsiveness Monitor

[00109] Due to patient-to-patient variability IV drugs are typically titrated to clinical effect
— the clinician must tune the infusion rate to achieve the target effect on each
individual patient. Further, as the patient’s needs change during the course of a
medical procedure, the clinician will have to titrate the drug to maintain a desired
target effect, For well-characterized physiologic parameters, such as blood
pressure, there are continuous monitors that a fully automated drug delivery
system can use to close-the-loop and automatically perform this titration for the
clinician. For most physiologic parameters the “loop” cannot be closed — this

includes sedation/anesthesia.

[00110] In one embodiment the ADS may include a means of assessing a patient’s level of
sedation — the Automated Responsiveness Monitor (ARM). Integrated with the
ARM and a Supervisory Shell, the DC will enable the clinician to more easily
titrate the delivery of propofol to each individual patient. One method of using
ARM comprises applying a vibration stimuli or request for a predetermined
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system can use to close-the-loop and automatically performthis titration
for the clinician. For nost physiol ogic paraneters the "l oop"” cannot be
closed - this iqcludes sedation/anesthesia. [00110] In one enbodi nent the
ADS may include a neans of assessing a patient's level of sedation - the
Aut omat ed RAYHYNEPISERess Monitor (ARM) . Integrated with PEEUSHBMAMS a
Supervisory Shell, the DC will enable the clinician to nore easily titrate
the delivery of pregmabolo thopatieat)instraiting theegatingité R5BPond T eheTabateh fimulsi NY
ARM conprises applying a vibration stinmuli or request for a predetermned 20
WD 2006/ 016952 PCARdISTiteLng P&@eﬂtﬁéﬁ‘aﬁ"ﬁgé&’svﬁ% t;T%ilSrPé’P?wti ng the
patient to T espongplded fig prdefeoRthinedlinkdrial rbughotd Wle HeichiGib@ulche pati ent’ s
response to the vibration'stimuli. This action is repeated at a
predeterm ned interval throughout the nedical procedure [00111] The use of

ARM t o asdB88K1} pThe usaof ARM{ocdassess a peticat’s leweliof sefation iststeseribed inededgil inj n
commonl y assi gned | A .Qn: fed 9,
2003 which is he?%‘?fﬁm%lf?%%%%? %?@é@éﬁ@?@@gggﬁ?ﬁ”ﬁﬁ%@?

appl i cati ons, thewhich &rlereimingorpetatsicy refecknesp ply ddscrited in deappldationsytiete ARM
In sum ARMis a patient rﬁswse ) stemth?t S, n‘gﬁ_y/ | ous yests to a
patient to recei v&° Ry mefhods and sopargiusesassacipted '%égmt B ent' s
responses to the #ﬁﬁﬂﬁ%ﬁpﬁmeﬁ‘ysteﬁﬁﬁitkédd@gaﬁmr@%&t?f&é}%ﬁ@ﬁﬁ@%‘éﬁ@a the
patient's |level of sedation can be determ ned. An exanple of how ARM wor ks

i's shown in the dPalifptFesponseanddhon anplypesdhe patisat’ sresRansesite the requestsi Bi system
100 including a c%yﬂgﬁpaﬁl{g@;ﬁ%ﬁﬁﬂgwmﬁ ie%éltdfggd&ﬁgﬂﬂﬁr?ﬁés 104. The

controller 102 generat predeterm ned response froma
patient 106 and ade¢nramesl. An dxemple of howARM yerkgje slervat indhddrawingsFiguredt 106

to the request to,determne a | evel. of sedati.o f the tient .106. The
response testing 'zlaldb eﬁﬁ%nﬁcb%sisﬁ%uﬁ'&@g? f@dﬂ@gﬁnﬁgﬁ%ﬁ@ i%d%d a
response assenbl yredgidse tEitingrapparanb 104 SBiddoytrdIB 10D geRhit &l reguekOfol e  pati ent

106 the request generated by the controller 102. The response assenbly 110
is used by the pafrﬁgﬁ W@Oﬁ%@%@@aqmlqﬂéys&ﬁglxseaﬁﬂﬁe%mwwt es the

response to the conierafldtfithe fientEPBHH R rofucitds RABANGS RABINIfEREBAGEhEU! ar | y
patient 106. The response testing apparatus 104 includes a request assembly 108

and a response assembly 110, The request assembly 108 communicates to the
patient 106 the request generated by the controller 102. The response assembly
110 is used by the patient 106 to generate the response and communicates the
response to the controller 102. Example of response assemblies particularly
useful herein are hand grip assemblies as described in detail in commonly
assigned Patent App. Ser. No. 10/674,160 entitled Response Testing for
Conscious Sedation Involving Hand Grip Dynamics filed on September 29, 2003
(atty docket 451231-017). The response assembly includes a handpiece which
senses a dynamic variable of a hand grip response made by the patient to the

- request and communicates the dynamic variable to the controller which analyzes
at Jeast the dynamic variable to determine a level of sedation of the patient.

[00112] One method of integrating DC with the ARM and a Supervisory Shell is to limit
maintenance rate increases based on the patient’s responsiveness. For example, if
the patient is unresponsive to ARM, the system will not allow the user to increase
the MR, but if the patient is responsive there would be no ARM linked limits on

increasing the MR. Alternatively, maintenance rate increase limits can be based
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useful herein are hand grip assenblies as described in detail in comonly
assi gned Patent App. Ser. No. 10/674, 160 entitl ed Response Testing for

Consci ous Sedation Involving Hand Gip Dynamics filed on Septenber 29, 2003
(atty docket 451231-017). The response assenbly includes a handpi ece which
senses a dyM¥MPW%PI2abl e of a hand grip response nade bPCTHE2085020843t to t he
request and communi cates the dynam c variable to the controller which

anal yzes at | easén thb@atitnera avel ofaéspoltiventss. #6i eXaffiphsifahd gatieht refposddiat i on of
the patient. [00112] One nethod of integrating DC with the ARM and a

Super vi sory Shel | the gtimli within 5 seqends the Micwight beincreased by S Hedegamingn thene

patient's responsy @the JC{JI‘S (W al] ' | Mgm ljve to
ARM the system v&#feﬁg?p%@gfvbﬁ%% ser obi ncfggtggﬂ]?ﬁéeoa S %ﬁ?@q\éhe
patient is responiacreasetlbg20 pyiig/minpandrifthdRspbnse loeclirs ingréserdhan i0rsecondsi ng t he
MR. Alternatively, nmaintenance rate increase |[imts can be based 21 WO

2006/ 016952 PCT/ (B9 &6R Fapeninbe ingrrased by gdimited mmountesyieh aglp Helgfmins Thigness. For
exanple, 11 (he P8t NS in'henc iRl broWabd'bdbip. wbfn® MR
y g/'kg/mnin the pofdl,

m ght be increase case pro IT the response
occurs between 5 steps 200, 2200294 téreespdrdaespettively to MR aseshsdsytriggeretbiiyk g/ mi n,

and if the respon ccurs [.n greater t S nds the can only be
i ncreased by a | i%M&S%%EW%%@WS@S%QP@FHﬁ&W?S% rol function is
illustrated in the flow chart provided as Fig. 21 where control steps 290,

292 and 2940T13] r eByrtirensesthe phtienth pespansdfs ARMY, 6pmofe spedifgdlyeidssnf ARNAM
response tinmes of |ess tha 10 .and ﬁgu r noye secaonds 00113]

g 5 5 tg .
Furt hernore, the 58RAUSHHneX by used s & SupegvisgtyShel} feapre inanonitoring and 4diusing s of

ARM response mMayhBendiGthneSrak cpREAYIFSHAbNg eédmés.eitcwram'g@o PRPrieiphleg and
adj usting the maintenance rate especially Tor |ong procedures. According to
PK principals, oW timesyenyihagpustansingusionrats: the gonpentemion of @ drugin the
concentration of ﬁod&rﬁﬂgrﬁi iRy Msl&gﬁ@@&ée&%gﬁ?ﬁ&%g%& can | ead
t o unexpected over-dosage, and acconpanying adverse events. Propof ol

| abel i ng cal | s f osccamparjing adverse aventst Bsopofol labatimg dafls #6r areductions insihifusion

o e Stk o R o DU RO e spacic ™ o
Shell, integrated into the DC can automatically perform this suggested reduction
effectively maintaining a safe level of sedation. In one embodiment, as long as
the patient is responsive to ARM, the integrated system will not perform an
automatic reduction. However, after 15 minutes of continuous non-
responsiveness, the system can reduce the maintenance bate by a fixed amount
(5% for example). This is repeated every 15 minutes, as long as the patient
remains non-responsive to ARM. As soon as the patient regains responsiveness
the reductions are stopped. Should the patient lose responsiveness again, for 15
continuous minutes the reductions will start again. By using DC of this invention,
these MR reductions will rapidly and effectively reduce the patient’s level of
sedation. Although 15 minutes was used in the above discussion, the amount of
time before triggering a reduction in infusion can vary, and should be selected
based on the pharmacokinetics of the drug being delivered.

[00114] The above discussion centers on DC and the delivery of propofol. However, the
concept of DC can be applied to any intravenous drug. The equations will have to

be adjusted to account for different pharmacokinetics (loading dose / maintenance
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effectively maintaining a safe | evel of sedation. In one enbodi ment, as |ong
as the patient is responsive to ARM the integrated systemw || not perform
an automatic reduction. However, after 15 m nutes of continuous non-
responsi veness, the system can reduce the maintenance bate by a fixed anmpunt
(5% f or exar?ﬁ?é?o.“m‘ﬁ%g is repeated every 15 minutes, as [PER{ISas0We49pat i ent
remai ns non-responsive to ARM As soon as the patient regains responsiveness
t he reductions aretexelfpsshipsHintlu diffedest reakire of “éffest’ witltieeafine feudnagai n,

for 15 continuous mnutes the reductions will start again. By using DC of
this invention, YAREESMR reductions will rapidly and effectively reduce the
patient's | evel of sedation. Although 15 m nutes was used in the above

di scussi onooi % aGPEMerdion of DTEadde{rovIavith Patiget Tuned SedaigbiCt i on i n i nfusion
can vary, and should be selected based on the pharnacokinetics of the drug

bei ng deliyered. 0114] The above di scussion centers,on DC and the delivery
of propof oﬁ\éslﬁgme‘g%\“%lﬁﬁ@%@ﬂ%@ﬁ?mﬁ?MWE%nB@n fﬂdP'é‘H“feﬁt“%FnV Btr avenous
drug. The equatlOgﬁcéﬂﬁihterehaeéqnwecﬁbemﬂ’ge@ﬁtoﬁgnés%eﬁsa% bs dafibe dienlafit €Nt

phannacoki netics (loading dose / maintenance 22 WO 20061016952
PCT/ US20051020149evenameng physidally similas patignid whodis subjected toreery singlap painef f ect "

wll be required - LVes, I ' DC and ARM
with Patient Tuneﬁgéédégaé] ?‘6"?1‘&%%%6? o@?ﬁ%@%@bﬁ%@&@%ﬂé%&&ﬁ %Egiapt)or ates a
patient-tuned seditorporates dhtientinput in thidelivéiyof thedinidseTin@meert is 1o firfchalei ve
i lar pati ent's GRBeNHE SBiateourst spgoLpif ebepnor Brodusi ng
circunstances, it could be desirable to develop a systemthat incorporates
patient inpoi17]n Wit ogird wethy 1698 dffagal gesiagsn andshiresia At Giecildd Byt pangdulide  t he

benefits of patient control]ed sedation with the benefits of DC. ] 00117]
Wth regard to theatieatatia particulanfimedt &ﬁe@rhﬂﬁfa@gtsamd%thei "Bes RALEKDE o
particular  patiepj »dhriulaPpdtiehitss fe gatidit hinidelfQk h&s 1@@@@@%9 eafk t hat
the "best"” pain expg?t for a pfglr_tﬁl{e ul ar patient i?s the pati ent E_i&;mself or
hersel f - as opposephysisianhWhilaphysicians maythasé ie knowlellge andpixperiepicathet ismy have
the know edge andnéaeﬁgc? o (ﬁpe%(raﬁlferﬁ%{litéﬁe dosage range to meet the needs of a particular

patient, it tends to be the patient, not the physician, who is the best judge of the

dosage within the physician-set range that best serves the needs of the patient at a
particular time and under the circumstances of the moment. The effectiveness of
the administration of analgesia or anesthesia often can be enhanced when the
dosing of the drug is being controlled by the patient--with safety considerations
being kept in mind to prevent overdose. Accordingly, it is desired to provide a
system which combines the benefits of DC with the benefits of patient controlled

sedation.

[00118) The system in this embodiment may also incorporate the advantages of DC and
ARM with advantages of patient controlled sedation to form another embodiment
of the present invention - Patient Tuned System (PTS). In patient tuned sedation,
the patient, with an ARM-like device, is acting as the depth of sedation sensor,
essentially, closing the loop on sedation. The system would include all of the
patient monitors currently in the sedation delivery system such as ECG,
capnometry, pulse oximetry, and NIBP.

{00119] In one embodiment, the level of sedation that is desired for the Anesthetic.
Delivery System is the transition between moderate and deep sedation. This
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needed to determ ne a suitable dosage range to neet the needs of a
particular patient, it tends to be the patient, not the physician, who is
t he best judge of the dosage within the physician-set range that best
serves the needs of the patient at a particular time and under the

ci rcunst anc €0 HPKWEZpnent . The effectiveness of the a@BTMISZ05BI0I49N of
anal gesi a or anesthesia often can be enhanced when the dosing of the drug
s being cont 1 ol | eghsittn b RAIRMMncby fhe paldlY I09DEiedRa RSt ARG kept
in mnd to prevent overdose. Accordingly, it is desired to provide a system
whi ch conbi nes t hEhagatignt; s lessf responsiveRess ip ABMheqrrasponde vt thepaintowire ® | ed
sedation. [00118].qfa6: S)5b NadsE hinseRAG SPREnt TR¥edRbdfioh orate the
advant ages of DC an ARM w t'h advant ages of patient controlled sedation to
f orm anot her enboBssemsislly, thé pativet’prespansivenasy torARMracts dpatdosptimifensedh#By st em

PTS). | i ' ' i ARM | i ke device, i
beting as the deptheiEEoafariond epohen® e Bhsonlbirt o Aot o op on °
sedation. The sysddivemaodedrig) Futilierntdré, thdre ishdockPaitipefibd tiatfollowsa patienedt |y in

the sedation delivery system such as ECG (_:apnorretr:%, pul se oxinetry, and
NI BP. [00119] | n TfRONES B asdwssing g duiten tgideliver additiondd Arughde Preyentdas r ed f or

the Anesthetic. iehg/@glﬂwc&a&%ggzﬂjﬁlsahe transition between noderate and deep
sedation. This 23 WD 2006/ 0169 PCTI US2005/ 020149 transition point is

well defined by the patient's | oss of responsiveness to ARM The patient's
| oss of r Mi virrassbodineni pLibe inventiomgthe Rptiont Taeed¥sdationgatsdbyhavingt i ent

can no | onger dosg bjyEieh botl § AaflpftRS liilMerhttA3fle SRARHAISNHIRR weight

Essentially, the patient's responSiveness to s as a
that when the paThesystemog@id begipby deliverings a inithatiophiading dossenaldnlated fcbrany

response to delixer. nore drug.., Eurthernmorg, there-.is.a |ock-put period that
Fol v a pat | entDE i PERES e fEIBha At agoacod g ot Bpicofly )

addi tional drugs, second3/ ¥ ARMUIRE deies defdY a defeudt Y 8 paldmt’ B gesporieeiihe [ 00120]
In an enbodi ment of the invention, the Patient Tuned Sedation starts by

having the cli ni Engst @AY b, far exgmpleysn sudiblesignal Muphcs “Paneszeydh and if Hou he
patient’s wei ght. e feeling discomfort.” The message may be repeated every 60 seconds.

{00121] If the patient responds quickly, for example within 3 seconds of the message, to
the request by squeezing his hand, the PTS will increase the maintenance rate by
10 pg/kg/min, utilizing DC to rapidly achieve the new sedation level. At this
point, the PTS will be locked out from increasing the maintenance rate for 60
seconds regardless of how many times the patient squeezes his hand. This acts as
a safety precaution to prevent the patient from over-sedation. If the patient
responds, less quickly, for example, between 3 and 10 seconds, the PTS would
increase the maintenance rate by 5 pg/kg/min. If it took the patient a greater time
to respond, for example more than 10 seconds, the PTS would not increase the

maintenance rate, but would rather deliver a small bolus (~ 0.025 mg/kg).

[00122] In another embodiment, the maintenance rate increase could be larger, say 25
pg/kg/min for a response within 3 seconds, 12 pg/kg/min for responses between 3
and 10 seconds and a 0.1 mg/kg bolus for longer responses, but the lock-out

period would be longer, on the order of 3 to 5 minutes.

[00123] If the patient does not respond within an sallotted time (15 seconds), the PTS
would not deliver any additional drug. Further, if the patient does not respond

A



The system woul d begin by delivering an initiation |oading dose cal cul ated
from DC in accordance with the invention. After a specified tinme period,
typically 90 seconds, the ARMIi ke device sends a request for a patient's
response. The request may be, for exanple, an audi ble signal such as
"Squeeze yolYORMHAIN2 you are feeling disconfort." The RETAAYES/PINhe
repeated every 60 seconds. [00121] If the patient responds quickly, for
ﬁxagpl ehvvi thin 3I ldmﬁtg’ﬁi@bn@éouﬁ#@qﬂﬁ&ﬁﬂgﬂﬁ&ﬂouldbegiléaqloe)sdechafiesi/nuﬂwzi ng Ihi S
and, the PTS w I ncrease the maint nce rate 0.0, in, utilizing
DC to rapidly achff@ienapge g oéﬁ’ﬁFé‘fﬂ?%%%%V@‘l fsa’ﬂ&n“{%i g'%lsb‘gﬁ%FFPge‘{ntﬁg‘ Cwil |
be | ocked out fromi RapsRfeREdédpE; SRR ROForh Bhteridgd st of gaepIds

regardl ess of how many tinmes the "patient squeezes his hand. This acts as a

saf ety precautionanesthesiavent the patient from over-sedation. |f the patient
responds, |less quickly, for exanple, between 3 and 10 seconds, the PTS would

i ncrease t in : i i | a
greater ti@gli@o %gé%g%glyl” ?%%‘%%%) emﬁﬁoéraeéa?%dg% S e&sl’ce{g%g%ﬁsb,ﬂt %L%Iedsgﬁés woul d
not increase the demh nfsedationanomtos estsotiallynldsihgthe lvep otle¢datieon. a snmal | bol us
(( 0.025 ng/kg). [00122] In another enbodi nent, the maintenance rate

i ncrease c bel ar - A L0 it N onds,
12" g1 kgt m (OF5 T Bedih BeeerBRY e yellichl Tty i piecRRANS ol Ul BRBT
for | onger responggseof,itivill beeapparest-thatimodifeationd and whidhtioas ire pgssible withdtte or der
of 3to 5 mnutes., [0012 Lf the tient,does not rgso 't?'n an
allotted time (158 o e S P Bt o GRSV ARANPYR i ug.
Further, if the pafiRNtTHCARRUmboERRAR Hesctibed GlréiAQR4 rmed separately

PCT/ US2005/ 020149 during 3 consecutive queries, the PTS would begin a slow
decrease in the pmatogetherdnaey eamhinatiosr exanple, 5% every 15 ninutes. This is
intended to keep the non-responsive or deeply sedated patient fromentering
a state of @erama@ iMe$i a. [00124] Accordingly, by using a patient

t uned seda[i on’'system the patient acts as the depth of sedation nonitor,

essentially closing the | oop on sedation. [00125] Havi ng described the
invention in detail and by reference to specific enbodi nents

25



thereof, it will be apparent that nodifications and variations are possible
W thout departing fromthe spirit and scope of the invention as defined by
the follow ng clains. The various enboegi ments described herein may be
performed separately or together in any conbination [00126] What is
clainmed: 25 26 1. A drug delivery systemthat delivers a | oading dose and a
mai nt enance rate of a drug to a patient, the systemincluding an infusion
punp and a controller, the controller being progranmed such that the system
perforns the steps of (a) calculating a | oading dose based on the

mai nt enance, r at @ diig aemi»}rﬁgﬁ?ma defiv@s RaRAMg dobe drfdes MeRGhAteFRE BT a (D)

adm ni st er igAg th APati@RAhO P8RS Mchirgh iMBSiIbR Pamp And & BbRMFleA ttlehireier! evel of
ef fect; an@ein?ﬁ)o%?ﬂﬂﬂlgﬁ ﬁkﬁ"tl&eﬁ'%etsﬁ‘%eﬂfpﬁgoﬁﬁs e bfepS4r MBI Ntenance rate to

mai ntain the evel of sedation. drug delivery systemof claiml

wher ei n t hea)shRplatihg & RabingAobdlehsed brofkd inhterth@serakasiatndinteh iR e TRE BigAANCE
rate or a gRiKYIBABAEEseat € based on the | oading dose is based on a formla

that correlates the mai ntenance rate and the | oadi ng dose recommended by the
drug suppl i(®radmdnistdtieg the Uerditgl dosetohs patieanoathieled dastedieelofeflebicaddor nul a i s
based upon a linear interpolation of the maxi mum recomrended | oadi ng dose
and t he naxé)radministertrgthre dogdit adirst hemerpoce ategto ndpintTinghalleve) odsédatieny syst em
of claiml wherein the controller includes a setting to admnister the

| oadi ng dose by operating the infusion punp at an infusion rate
approximately equal to f.he nmaxi mum infusion. rate of .the punp. 5. The drug
delivery s?st mqg?d%:ﬁélﬁ "Iy\?\ﬁé‘?néf)ﬁélf"ﬁb gvbﬁrte ?é‘Ep Pﬁ%ﬁla'gggg IQ%‘E% ng to

admi ni st er 9PHPATLRN he TEYLENARGE RIFAT 3 RIINENINGE Fatebasedan | e dseis a

pr edet er ni Rawd operfprpilia hat queclatpsife meintepanse raipapd edpadingdese1 wherein the
drug del i végopmaneadedby thadrug suppliercunul ati ve | oadi ng dose administered to the
patient, wherein the cunmul ative | oading dose is calculated based on the
fornmul a:

3. The drug delivery system of claim 2 wherein the formula is based upon a linear
interpolation of the maximum recommended loading dose and the maximum
recommended maintenance rate.

4, The drug delivery system of claim } wherein the controller includes a setting to
administer the loading dose by operating the infusion pump at an infusion rate
approximately equal to the maximum infusion rate of the pump.

5. The drug delivery system of claim 1 wherein the controller includes a setting to
administer the loading dose by administering the loading dose over a predetermined
period.

6. The drug delivery system of claim 1 wherein the drug delivery system tracks the
cumulative loading dose administered to the patient, wherein the cumulative loading dose
is calculated based on the formula:

LD cumX= LD cumX_i + amount of LD currently delivered in sample x

7. The drug delivery system of claim 1 wherein the controller is programmed with a
second maintenance rate whereupon the system:

(a) calculates an incremental loading dose for the drug based on the second maintenance
rate



LD cunX= LD cunX_i + amount of LD currently delivered in sample x 7. The
drug delivery systemof claim1 wherein the controller is programmed with a
second mai nt enance rate whereupon the tem (a) calculates an increnental
| oadi ng dose for the drug based on the 'Ssecond nai ntenance rate 27 (b)

adm nisters the incremental | oading dose to the patient to rapidly achieve
the new desired |evel of effect; and (c) admnisters the drug at the second
mai nt enance rate to nmaintain the new | evel of effect. 8 The drug delivery
system of claim3 wherein the controller is programmed to calculate the

| oadi ng dodP) asadeistetsithe nereimentallcadingDose t0 e payient(tivRepidly Byhiekecthe new D =

Loadi ng Dosglesifeddgvel Meffecviandit enance Rate (gg/ kg/ min), W= Wight (kg) of
the patient. 9. The drug delivery systemof claim3 wherein the controller
is progr am&@oﬂdﬁbmstewtw?rag@t the seqopd majrienanse tatsde imadnteio dhe mvsleselod ¢ he

fornul a: | eéfeetrrental LD = 0.5 *W (MR new / 75) - LD cum 10. The drug
delivery systemof claim7 wherein the controller is programed to

adm nister the increnmental | oading dose over a predeterm ned period. 11 The
drug delivery system of ..claim 1 re the infusio delivers.the drug at
an i nfusi o t)eﬁlgﬁgg J@Q?éerﬁé%ség%?ga :’Eﬁfﬁm tﬁeﬁgﬁf‘g@p&m‘??ﬁ@fmi? The drug
delivery ng{cglmed ¢ Ppding,dese o e fHB YNt rol ler is progranmed to

cal cul ate the_ pel 40 f tinme based on the increnmental |oading dose. 13.
The drug dellli?véfs;&gygw)‘mp]o claim12 wherein the zero tinme period is

cal cul ated ' 1 : ' 19 = @%Qk* £ 14. The
drug deli v%%%%%ﬁ%gﬁlﬁgcpg%ﬁmé ahwg\r e%tﬁlgﬁ%o%%t% egr/mlhﬁc?vudgg; %{l\é\i etting to
deliver a trdnsie ofus of the drug to tenporarily increase in the
patient's |level of effect. 28

9. The drug delivery system of claim 3 wherein the controller is programmed to
calculate the incremental loading dose based on the formula:

Incremental LD = 0.5 *W* (MR new / 75) - LD cum

[0.  The drug delivery system of claim 7 wherein the controller is programmed to
administer the incremental loading dose over a predetermined period.

11 The drug delivery system of claim 1 where the infusion pump delivers the drug at
an infusion rate that can be set to zero for a period of time.

12.  The drug delivery system of claim 11 wherein the controller is programmed to
calculate the zero period of time based on the incremental loading dose.

13.  The drug delivery system of claim 12 wherein the zero time period is calculated
using the formula:

Zero time = 60 * 1000 * LD / (MR*W)

14.  The drug delivery system of claim 1 wherein the controller includes a setting to
deliver a transient bolus of the drug to temporarily increase in the patient's level of effect.



15. The drug delivery systemof claim| wherein the systemincludes sensors
for sensing the physiology of the patient and the controller is progranmed
to discontinue the step of administerifg the drug if adverse physiol ogy or
an adverse trend in physiology is detected. 16. The drug delivery system of
claim 15 wherein the controller is programed to calculate a nmaintenance
rate reduction by calculating the apparent maintenance rate at the tinme the
adverse physiology or trend has cleared (physiology returns to normal),
based on the fornula: MR apparent = 75 * LD cum/ (0.5 * W 17. The drug
del i very sybt-em Bie deugdleliversatysiest of clava lsykareimtlie systearinglndessaesorssfer  aut omat ed
response nosensing theghgsislogyrof ikRpptient 8nd thia gonfraligr isgirogramined yadisgantiiuacthai m 17
wher ei n t hestepysitadmitistetingtheidned ifi dderse phpsiclogy br aresiverss érendinythysiology is

detected.

16.  The drug delivery system of claim 15 wherein the controller is programmed to
calculate a maintenance rate reduction by calculating the apparent maintenance rate at the
time the adverse physiology or trend has cleared (physiology returns to normal), based on

the formula:

MR apparent =75 * LD cum / (0.5 * W)

17.  The drug delivery system of ¢laim 1 wherein the system further includes an
automated response monitoring system (ARM).

18.  The drug delivery system of claim 17 wherein the system further includes a
patient response input.





