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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 to 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
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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
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[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 controller and is programmed to control infusion as described herein.
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It 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 (loading 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
ng/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)
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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.
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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



concentration of the propofol solution (nmg/m). The
LD time is then converted into sanpling intervals. For
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conversion from my t ng.

the Controlled Inductlon 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 area

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 (ng/kg/min) for the ramp would be
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1003 qrrpvpgeada e Pea i PerindeHoHe AatinSup e #bniBhodetimp. The
(abope a9 iVRuilReNsdriks ofl@Readib@ertept €ach 3P definedibyathe
to the area under the rectangle. This is illustrated

i n Frapplmgintenial, swhich istln sespadscnithis illysiration- (lhe arca under this
triapgl.e eguals th t . T

e 1 RafeeSe it shid o 8 ok M A6, LR fof BRED oo,
TenpThatanagsdnidigcaVBintphltappliedlsbopk applécs-heMdRs[VRAB &hd is
then_in this exa the starting

for heien Fioat i Shereiahis of BRsBgeoth Gaial B R ggrage height of
LB : fds LA Id b
o SRy o the Slep YAE RARD alcls Wit Bo BEATRE 1EL . BF

peri od. However, this assunes a continuous ranp. The
[0038)C r Ahprefose,dbe stating rate §eg/kg/miny for therempiismons eqseecily gxpmessed
step defined by the sanpling interval, which is 1.5
secoflis in this illustration). The area under this
"staircase" nust equal the area under the ranp, in
order for thestda (®=ERCPL FaBdlta T(StoRaB}/ geonet ri cal
princi pal applied above applies here as well, and is
illTustrated in Figure 4. |If the height of each step is
[003%Yqualwhere 40Hie thesmmalpe ofisdnggles token oner papipuiswdd seepndgnispyals) —
interval the.areas.w ll be.the,sane.. [0038] Therefore,
the SPUYertitehy SORS Ry BgF IR ef%r p%lggerr‘é%p is nore
correctly expressed
[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 county.; +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 mi/hr=IR * W/ 166.67



as: StartJR= MR+ 2 * Delta - (Slope / 2) / 40 [0039]
where 40 is the nunber of sanples taken over a mnute
w@ 2006/08@6nnd i nterval s) - converting the sl opeP€T/U/2005/020149
"per mnute" to "per interval." [0040] The ADS
delivers the LD starting at Start_IR and then ranps
down the infusion rate, each sanple, over the next 3
mnutes: LDIR = StartJR - Slope * Interval _count / 40
[004Bt erln ahothenmilbodﬁnbﬁttfef thalContrunédkmducdtioh, M]d %@!}Edehver the

I nter ount a counter tracking t he ression

of tHJé*mIE% é&e enHre tiae gerigds thea spaich &jp aipteaanaedate.

of t hgide JHﬁtn

The. N oa] et s Nl el 31 PR, 28 CF i g O e bftsed

to d @mb(odnnmb,ethmstqnﬁ) QA/E}; thetclinfeidnnthe bptaot intp@o grainestdp X0 of
It l,cul at / kg/ m h f

Pef or"B CG A ETHE PRt IO HEmpOrE2A dr i Gemtsbied induction mode
convepiied into m/hr. The standard equation for

converting fromng/kg/mn to m/hr is: IRM/hr IR*W

[ 166.67[0043] In another enbodi nent for the
[004ont rlde meehad dpsenibagmbomebasinallit peitrays howeinpsthosidlbgists, who are

Tenp_R t jdre ti tch to

t he I&)énce ﬁgil & C‘Wmlpgﬂﬁg%egiemat’legpeﬁ? jﬁ@ﬂ%\"ldéfantageous
in F"bgcauﬁ&t aﬁtotﬂaﬁcﬁll)oc\ibrt‘dlb?wsi the ldadin@Riosé Wﬁttﬁ@hﬁﬂltenance rate (or
enbodi nent , system gi ves the clinician the option

i n pwefgrvgwazc,% abdndy gpe walabla i negedséineenpetaghe @tperd For example,
d t i
e R8s PR pARE R oD SO AL OGO g doe

por t aati/‘dlehnmnmnm nats fi bxnlgr wirapidiyhinitBkecaridaiifeh éedation, a ADS
phar maco The

dat t t
P os gt e kR BT et eiePRding rsedeatdean a given
the hpademacdRse Thlshby B@(eﬂﬁg ﬁ%%@ﬁ%%él? gar{c%rrat\é'f&etPe patient,

versa) so that only one variable Is needed to co
t he BChautomatigallycaleplates thelondiag dose ﬁdﬂéed)ﬁblrapldmﬁnngtthepatlent S

phys for. both t adi dose, and
e IR REHRE p Tre okt iise ilf e fonlthecioes ind
mil Nbdhini$@8& fdlRfweddyARSconstant 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 allows 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



using the DC is able to calcul ate the appropriate
| oadi ng dose based on a given nai ntenance rate. Thus,
whgooeni@st ng t he desired mai ntenance rate for PEEUS2005/020149
patient, DC autonatically cal cul ates the | oadi ng dose
neede |d t . .
cedatfishor S REeL REARE g o 3RS Bl ibicly brines he
dosephﬁmﬂdﬁmﬁm@WGEQQof&khﬁmmd by the constant infusion
at the specified maintenance rate. [0045] Conversely,
the DC can al so alcu@gte a I Nt enance rate based on
[0048] ;i \lehicrmt%n vedoafimelos « | p/ (0.5 *wW
[0046] B. Adjusting Level of Sedation [0047] DC al so
[004%' 0§ aéé?ﬁda{iﬁ%’bvﬁh@ﬁé YRR a COrralatieiiVsleSi¥Blishedl berbah ﬂd?iﬂmg
en the clinician prograns a new nai ntenance rate. In
pri odon@aﬂdad&ntmarmeugtel i¥agesi wpon thifs camrclatiens biydwicking ghes t

| cvereBrndaai i S F ARy deifsdbonity forgmenta

| nf U%emihﬁj 958 thaAREH1 Pdiﬁdl?%kddﬁ@é ad6\R] SfdedhiRacthids doitstent with
This results in a slower adjustment fromthe present

| ev elthefievs maiténance @tq h“éherféwqmmpgr@fnsﬁa@&eﬁ dithe level of sedation

cal %
For d5oh BrURBS Rl AR AN b AL IR e 6 fulRE gociates
si gnivitlcthedksigpdilekt of mljam@t Ne4th thecatamtaahéaatd dgngeis
addi tional bolus _rapidly brings the patient to the new

| evelre@esteddat ivall calcplaisgthe loadingdosersquipd s ghe new mamtenance
Quml ik Saldhalé B8R BodIhTlndd LuBEAQTEARER 10Mald} ddies

i nvention, a cor ation is esta tween
I oadmngnoimbegmerd(mmuitﬁtnznémmhgétse IEhsmrh) lapelmwmmsFlg 2F step

corr tion, trackin e . .accunul at ed .| oadi.n se,
Che. R68t Srey tia pogrikoasEs whie R aeanae Reredis the
| oadijageose that will rapidly produce a level of

sedation that is consistent with the new mai nt enance
rate. The clinician pro%rams changes in the |evel of

sedat i on HacigmestabLBes 06 sWoly (MRpoew | #y) -aLRegm

mai nt enance rate that the clinician associates wt h

o0sp 53 B o SR A R T TR e
| oadipgitoeRe k@ FpidIR Brih @ thelpaBeMEVenTBIcHr&RANE el 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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rate based on the equation above and then subtract the
total |oading doses previously given (cunul ative

wo o@diongszose - LD cum) as shown in Fig. 2F ste@I/RSR05/020149
conmpute the increnental |oading dose value to be

adm i : L

(VR At §ohding {I5scBb e LEREREM@ral Caloubiitn offhe

mai nicemantioe l@iding dose whABKSthel ddditideloif vier 1ntﬂerr$nta1 loading dose is
"increnental " | oadi ng. dose,t idly bring th .o

pat | éxdefydhe ramel ipfedionmethois Bbva ateroBBRT 1P ¢Heindiig, 2E.

| evelyt g ERe iR diti Jénto'abxﬁ d%m‘ﬁT‘R@E&h d%ﬁﬁ%ﬁbr?é‘s Hown in

t he new mai nténance rate. nu ative

Loadipnepridoseepridy ibEig ﬁEp Whﬂil ths lsidimgriloseisFiegati@Etheycumulative

t he follow%&g f or nul a: %%gLD CUnx-1 + anmount of

LD dérading éﬁﬁeflﬂ‘ifd% ?‘@nf‘ 2] Thus, the |oading

dose needed to rapidly increase the patient fromthe

[0058] €S8Rt tHePiRpose bf ARLRAIH) adsBnieBat REWCHi &N 1] of sedation

sedation, i.e. the incremental |oading dose, is
cal ¢ wbmmn&mgctcahmmtmc@rmﬁ 59 ng/kg/momrdquireld argindizgion loading

o B R o £y LR &
pat i §in@RarB PWE of E%& n%ﬁ’re(ffn%g af SdtiatfdnQoadife dose of 0.50

illustrates the calc the cunul ative Toadi ng
dose mg/kg.t Wehen ltheudriig &t bedmg admeintstared ztta anerehioadintepaniesete of 50

ur W iR RiHog QoS QURSIPRSDOPAHERCs evelofsedation with

.Cum“a%él fe %‘ii 3£99 \é’ﬂﬁfﬁ b 8' 103t ih8€mental loading
t{ f oa%tgn gl I'S frade id

I NCrenen e rap

i nduclos®sf 0160 hodB3i s OsliTavbriag thiy M@ﬁﬁlﬂo&ﬂeﬂl 35 gedatiort@responding
2E. Alternatively, this addition can occur using the
cont rtefeciew maintanpene rake oS Howe/kgimpy: désentially pe zsre)emwtal loading

Fg. d%% regn?gd %‘)I'B%nggﬁl %’ﬂ%gfjfrgztge le%r N§924 tloﬁ cohgsq)?gﬂlng to new

cunmul a uce as shown a

[ 005 3paifrieharich @atp wrcmtslﬁtaf by iakmgtthaﬂﬂfﬁfencabawm tHedhitiation
achieve a | evel of sedation correspondln

mai ntlexlingdose seqnrsd tobringa Ry 19 & Bwaitied @%enance rate (e.g. LD=

lan: tel()e#d 191;/1%3%121%@%} g%ﬂ(rgz 3 a.g&)’ tﬂgEQ!tugrgﬂat%qoz{d?nga&Jy ":ﬁlrgady
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 0 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 LDy, 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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mai nt enance rate of 75 ng/kg/ mn requires an
initiation |oading dose of 0.50 ng/kg. Wen the drug

WO 2006016962 admi ni stered at a current mai nt enancRCT/ASM08620149
50 ny/ kg/ m n and the physi cian desires to increase the

atient.'s .|l evel |on n
1006} e e ooseStn o Ro iy Bl b A Bl
| oadidadtcd Q88 ithedle TR malﬁteﬁﬁlce rite 1T bdebtol rﬁgldly“iﬁmg the patient’s
patient to a |level of sedation correspondi ng
new lenelmfendation te fhenent leve ofgedagions 4 lng§@@mal Lﬂaﬁ% dPFFerH be
i ncr I, loading dose required to bring the patient
to tﬁefreﬂ3 %tf’ﬂ@ﬁpa&? bt i on correspondi ng to new
mai nt enance rate is cal cul ated by taking the
[0057i f f Bi 186 Replicihdeciontdasbodithéritghe ADI wﬂl:ideﬂiyedﬁmiD as quickly as
required to bring a patient to.a speci i .nt enanc .
r at eDgssite, seitiag @W%ngfadﬁawvg d%%ﬂ%rﬁa&ﬁﬁﬁe LD s
cu m"hél[\/l elddl, l@&géﬁg/&@ﬂgg tlﬁl é(n Eﬁnlﬂ"thﬁtc‘ﬁﬁeegctlﬂustt laehver the LD
patien present [D was 0.33 ng/kg).
Thuson tap dfranregisting l\@htanéﬂte ekrs&mg k80N tate WRst®, acoouted for in
curmul ative LD a ered to the patient for MR=50
(0. 38e W&}lopggg{?@(ﬁ ®%d fromthe initiation LD for
MR=75 (0.50 ng/kg) to get the increnental | oading dose
[oossgf OTAJ fdfBfukdio dEEMIY thE lengthadT tiniCloatetinérethe LDaA009 ml/hr is:
ose of 0.17 should be given to increase the patient
fromthe present |evel of sedation to the new | evel of
sedat i on. THeewe EBE0" BU( d 0RO h&R BBhmY/ kg whi ch

woul d be used to cal cul ate a new i ncrenent al Ioadi ng

ose |f th n ' .
oosf1o 5 R B AR S P R aggpns e
dosepgit isitle 3x1@tﬁl£g31ﬁdiﬂtdi’1aﬂ%&6te§pﬂi)&f}t6 itles ¢hangke CAtlhs ehdof the LD,
i ncrease the mai ntenance rate, differs from when

phys Pesedthe dddS shaids deliverag e Iﬁé‘“ﬁﬁ“é‘é@ﬁtﬂter@ﬁuﬂéwgﬁb%vmable

rate Increase in
Mai nt@?ﬁggggesggae{hlgg ﬁﬁgf‘%@% g%c%) i oh%t%gég%ﬂburl ng the
procedure, the physician my determ ne that the
pati ent i[D uimterssoovdried istndntervelsdagsn tsisg e secama ferethis
rate. In rder, to rapidly bring the patient's |evel of
sedat i on H&HeHeew | evel of sedation, an increnental
| oadi ng dose will be delivered to the patient. [0057]
In the Rapid | nductLU:) @%@‘iimrﬁme?hs ADS wi | |

y as —

deliver the LD as qurtT

[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_ml/hr * (1 -

Interval remain)
where,
Interval remain = LD _intervals — INTEGER(LD_intervals)

[0061] and MR_new_ml/hr is the new maintenance rate converted to ml/hr.
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possi bl e, setting the punp rate to a maxi numrate

(e.g., 999 m/hr) until the LD is delivered. However,
warndockesoshe initiation LD, in this case DC nuspCTER1008020149

the LD on top of an existing MR and the existing

¢ :
006y ¢ ThE AT LI Rse 5, B B e B Pk SE0SPEM, R ©
| en ngEGglég]gp intLbSdz;ih) angrthéx?g 513 [ihfatloﬂ 9fe gf §R1 rL[Ig ggm]am for one
LDJi mre = * * - r
her aatnate g deliiorne 0 LR 4k APS wlGeRMK & VBt hehcdnidsein
h t t
rat o AL Sr f8hEy dithtchindeioleP X 0L OF the LD, once

the ADS starts delivering the new mai ntenance rate
[0063IMR] These)equativns\iae basirlally wdnticdido fesguatiotisifer the initial Loading

illustrated in Fig. 2F, 268

convEIsaaeND 1af e i B o %@R?afé sGp gras g b initial
thi Srﬂahﬁtéi%&@%dt@ﬁ)treaﬁe@_dsmrﬂe%} $hen th@sérhé"&% atidn Gan be used for all
[0060] Again, if LD intervals i's not an integer,

must Replddofieationtmhaniendnes ireia incaeages: equired to deli ver

the remainder of the LD during the next sanple

LNt enval n emain +
1006415, nau et g P e onfsghl FidiBiad

Intervaljremain = LD intervals - | NFEGER( LD_| nt erval s)
[0065]006 13 therCbnhkficllad mduktidit einbodimenttawAMS wilbdadiveethedileover the

Fgg\é S}gp%;l e gpc/ergg 0062%'5&3%1@5;@\6\% (l)q,]‘g%%:cog\,t/ﬁeremstmg MR. See

| NTEGEROE6 PeLDF: alag )mamh ﬁﬁh‘%ﬂoﬁ‘ﬂﬁ bd émaﬁateamrf@sa&l ﬁte

IR LD erral n r one sanpl e. ter ‘delivering the
t he A{Eﬁkgonim) rsquikdd 4sdf e Liis, to im delww¢d1atcbeiomtenwrat¢£
the new mai ntenance rate. [0063] These equations are

basical ly i dent cal to_t ] E:@n,s he initial
Loadi ng Dose de ‘?“%Pe-rf'g‘} ]lf’b%gt 0@?5 @ﬁMﬁh LD cum and
I\/Rare set to zero, and the initial maintenance rate

[0066F © ?{netﬁe AsidYEhdhe¥raté DA0e IRt BRRwaHMRtdndRceGaft (MR_new), but

used
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 (pg/kg/min/min) is:

Slope =2 * Delta/ 3

[0070]  The ADS delivers the LD stai’ting 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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Rapi d I nducti on mai ntenance rate increases. [0064] 3.
Increase in Maintenance Rate: Controlled |Induction

wQ 0@6/)695n t he Control |l ed I nduction enbodi nent PCTYES2DS020149
will deliver the LD over the specified tinme period (3

mnutes for il lﬂéér(rﬁt E@ﬂﬁAg%{e?ﬁl %fouﬁ ?Jrqm sting MR

See step 269 in tiation LD, DC
cal cul ates infusion rate (rrg/kg/mn) required as if

[0071]he kiBeks Iﬁt@rvlale cealtiiy £ eathtéitradkm@ fisd Rofresbeof themRd sdrdples in
= 1000 * (W* 3) + MR [0066] Again the

nai nﬁmﬁ@@w neréody Fhfithe prd eﬁﬁ@nﬁ@s\ﬁhmnﬁlﬁ@ﬁaﬁt@ml&@@qual to
(MR rt]l?e\:’\g/IR gg&v z%nlgie])(fl%ﬁ SQ{ Mﬁr f\/ﬁ}_&ﬁ | Oag:gnttl to dehver the new

mai nt'ehanee ra € I'ng
bei ngnactehanics tgs.ed on top of the exi sting rral ntenance
rate. [0067] DC then cal cul ates the difference between

this np_Rate and the MR new. Delta = Te rat.e - )
(0073 n Lefmeaqwnmée gkt foge P%a‘faélo{lh%@ﬂ%‘? Wﬁ;’ Théging Rgse delivery.

2y 48! TioBRETY ool PSRt & o Bl 1o OB

i s: Sfaipeenance RatdOssetzdls MR[_ﬁEW then TivesaAleSqdetion/emdetused for all

ot o D gl o dendd I SREBRCOM 11 L .

LD IR = StartJR - Sl ope * Interval count /

[00730] NG alterfitembodimét thincefieRtak LD canUeliP@2d bt a constant rate
where, Interval count is a counter tracking the

pr ogoaesthe icantrollpdintpgtientmsried i n the 3 ninute period.
At the end of the 3 mnutes the infusion rate wll be

ual yﬁm&% RCwll set MR = MR _new and
[007@&“ |4niu)g to de Iver the new mai nt enance rate. [0072]

These equations are simlar to the equations for the
[0075]ni t ilfthe bosutemgpcOoseisdiecicasady(e.gl, fif the cEniaian fegds 'd;mtplatient is over-

LD cu MR are set tq. equal o, apd the initi

el oD dapieegel nading 4ope wEPheeh Rt tGupl 1 B not

equatjogiible dwiRdrdSaHusOfromtlthe 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 ug, 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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Three M nute | nduction M ntenance Rate increases.

[0073] In an alternative enbodi nent the increnental LD
w@eanededdsver ed at a constant rate over the "coPCT/Ub1008020149

inducti on" peri od. [0074] 4. Decrease in M ntenance

[007 ( e o g%g‘)z ?f]% Hc]:?va'f'éal's %Bf%gl[%&%e{ﬁ HecdiSules I{hgfﬁﬁgmn rate required

I niClan pati ent

over scediatxeﬂihetrbmaindafcﬁ\mmmlduhngdhenlgst@amplam Il be
negati ve. However, it is not possi ble to vvithdraw

drugs fromthe patien Cal cuI f a atJ
| oadi ng éerPsreg’f%}/mMRﬁ—nﬁl 5;0%5 § é

negative | oadi ng dose, the DC cal cul ates the perl od of
ti ne J, 1gvoul d take to deliver that negative dose at

t he eX| < ng mai ntenance rate based on the fornul a:
Zero_time= 60 * 1000 * LD/ (MR* W where, 1000 is a

conver si ONnfetRMNrB8ainC- A8o_dkervals CINTELH Afitefaly)
mnutes to seconds, and MR is the existing maintenance

rate prior to the change not the new nmi ntenance rate
[0078IVR Héw)ADS‘mﬂé stiop dslircamy of proppiyl f«zFINat(Zmagtemle)taaé then begin

266. e cu a dose is al so decrea
oo Ot il PR R e maBr P SIS AR EE: Rhppteting
IS CewED! me ADS Qil$ Sermhd lﬂgmtdﬂh@de\&aie&o MR ') en@ugga@ delivery of
of illustration a sanpl i ng |nterval of 1.5 secon

wi | | theenayem@intenenee jaft erval s = Zero time / 1.5[0077]
Again, if Zero_intervals is not an integer, DC

[007§]al Cltl ﬁ?P#&?%%Q%ﬂé&??%@o?ﬂreqm red to deliver the

rremai n e |l ast sanpl e:
IR zero remain = MR newmnm/hr * (1 - Intervaljremain)
[0080ther Quringtthe paicgduertierphysidien maynteeide dlhad atransient increase in

| NT(Zer o, i nt erval 0 Th ADS [ .deliver

o RERBI R s Gent BRyane ity Ry botus that
i nf U%rﬁﬂolﬁﬁlyfiﬁcﬂeﬁhfebl BieQRtiERt SR of Eiad?aﬁbﬁ’_F&r@da&pf@ if UiRg &
sanple.” Aftér conpleting the LD, will set the

mai ntsergagat pracedure tagnivR) seistiye mﬁoiﬁbg pmcci@re iscabpubio 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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the new mai ntenance rate. [0079] C. uitra-Procedure

Bol us of Propofol [0080] During the procedure the
w@bysiocdoan nmay deci de that a transient increasPCT/NS2005/020149

sedation is required. In this case, a physician

Yl Cehdn R s o ol Al e EROL 8 e adition to the

exanglifting thaidltbhbi@ Bte¥Hé Bhuabbnsfopdeliieriag aRapat Bduction loading
sensitive part of the procedure is about fo be

perf@%@@mngmlmwﬁm@ﬁmﬁﬁﬁn@r@@ canpeused hger aj se t he
patient's | evel of sedation tenporarily. In this case,
the mainte L the
transi ent ?@3?33@@ %gbgggg?igémﬁs%%%zrwﬁﬁﬁnﬂ#gvel of
sedation returns to the level defined by the previous
[0083113' NTRRAMES!s cBh RorteBegR Uservaliat pRighire sRpQe2s at e remai ns
the sane, an intra- procedure bol us does not affect the
cunul ative | oadin ose cal cul ation g 2A shows in
program st ep 21OE%W6LH%@¥?ﬁrﬁ%%?%$ﬂ%qkh the bol us
(PRN) is an intra -procedure addition that does not

ffect th adi. dose, [ e

008}y < g BT NeRER YT po Gyl o B Bl o calentae
( ) thefiRfusorantelrequiBalto delivep thdef¥ind808&2he Bolusldusing the next
exanpl e of DC, 0.25 was used as an illustration,
howes@Rpleany nunber fromO to 0.5, which represents
the Ioadlng dose range recommended by the

&ﬁélga'l59 ér@él’ ref ﬁ{ﬂm@\éﬁvﬁeﬁ 01 CRASSR remam)

(exceed1 ng wou nmean at a i ngl e bolus woul

| arger than the ITB.XI nmum recomTended LD for

I ni tivHerg)gsedation with propofol). Since the bol us

will be delivered in addition to the existing

mai nt enance rate the equations for delivering a '

| nduct Iervebseiaig =ddelus_dufervialy INTEEER éEelumntervaIS)

mai nt enance rate can be used here. Bolusjine = 3600 *

O 30 B D e b

Bol uggaug iMRlvalsy, 4l théd athR ihfudiol rdt@ @Bﬂi B\gahhin fbf one sample.
"Bolus_intervals'is not an_integer, frogran1ste 214
DC c &vfter delivarimgdhe Bolus, the DC will renew the livery 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. If the 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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the infusion rate required to deliver the renai nder of
the Bolus during the next sanple: IR B remain = 999 *

WO pdoefov@s2 remain + MR_m/hr (1 - IntervaljrenmaPel/Uus2005/020149
where, Intervaljremain = Bolus_intervals - | NTEGER

(55 merve) B eER

(Bolus_intervals), and then at an infusion rate of
[009déR BThR RicHlafioh is(ed SPHBLAm ﬁéd;s 240 @i VAD.i ng the
olus, the DC wll renew the delivery of the
mai nt enance rate. [0086] In an alternative enbodi ne
[009%]he Bh¢ qsmdahvebl@adieg ﬂo&eﬁeﬁde woeld be eupivalent forfhe Pwméllam loading

sim |.ar a ntro
A L L S
[ 0088&irid¥otRe Riapidt I'nﬂ@tﬁmz’:}imk eswhén thaphpsisian changed the maintenance
i mpl enent ati ons of the above-descri bed enbodi nents of
the fatwéwningdhe Repiddnduqtionas seqvewin figodbprogram sicp ge2.
pPyS| ci an changes the mai ntenance rate i nmedi ately
te '
0093 TRERLAONGSe ALRUERANOR L o ik B8 i
DC cahangk @dither mcrchspmatcerense)diont theappaentanahtepasedaieno the

L1 e TSR P b B 1OrBIoG o (OBt vFTRsed

calculation is used in programstep 240 in Fig. 2D.

(009310093 ] rr TiRep R ditknahb N Ees iR neend@sea ateetigingald chtldded Inductlon

equi val ent” to the cunul ative |oading dose at the ol d
mai ntfen mlqa,a& rinteggor astraionlpusnsems the foadigalaseg wilb sl be

del d
N

Rapi delwwé&dtlaaﬂnﬁm&h@\ma the E]ogtronﬁ Tdogioapesivdpa 252 constant
[0092] In accordance w.th gn

t r eaffusion mie iicalpulaied, ﬁlaéwghg%hvm n@%ﬁfﬁﬁ)&ﬂtﬂiiﬁfé’ﬁf the

i ncr crease) fromthe apparent mai ntenance
r at e?%%ﬁ?]ﬂg S

et

[0094] In the embodiment where the Loading Dose is delivered via a decreasing ramp,
the Dosage Controller 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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new mai ntenance rate. The standard fornul as as

di scussed above are used. [0093] 2. If the physician
web@age®st he mai nt enance rate during a Contr ol PETUS2005/020149

I nduction (for exanpl e, 3 mnutes for illustration

pur peses t he Wi Vi ]

P PSSR G- R IR0y e L A

the kdanswdedrt mfﬁﬂlpﬁig dovanshaMR metveatawnew sidpe. This holds for
Controlled I nducti on period, a new const ant Wpf usi 0

r att & Dbt et iBePecEAd $45aeaes (1EDASIEAD havh IR f the origthal loading
I ncr tEQdEH%

errbo [ rren?éd g?%H S&Ega dﬁﬂ?ﬁ%ég@%llﬂlg@@d |‘&g§§hlw a ase in the
decr &4R). g theedaitculdtdftbLDosamtlﬁe; rihe DIO svitchedto the Tlme zero mode.
recal cul ate a slope and initial infusion rate.

cconpl i.s thl DC uses counter.that is tri

0091 ¢ RR e ek o 86‘“}“1‘?531&‘? Pgpanbacontigury tocfsﬁllrl&eﬁ% chifige during a
Ranpﬁb‘ﬁ%fl@d In%ﬁéhdnsto isPiritd v 7 8ln@b 2R, (1B sHe tHeQ)‘irlglr[hl 3
1.5 second interval s Then the equations for the

Tenr Miatte Iadlwt@h@p@atlonsmgld&ﬁrmpdl | ed | nduction node
becone: Tenp rate = 1000 * LD/ (W* (3 * Ranp_counter

[009é]2 12%) Ef V]IS 1%ﬁecigc‘ﬁed' Elurg%g (ﬁw&gf ({f qgadm?@@e—&% li'&fd%{g dose can be

es I ons renal

unc h aﬂi’teﬁdpteﬂ D6 IATEY @¢ljvetsthe bulads ﬁﬁmeﬂ@td)hﬁ’[e@@lehvmdgﬁﬂe bolus
I nduction Ranp_counter is decreased by 1, reaching O

at tﬁ]ée]@ﬁélnéfioﬁméf@u%eﬁﬂi‘th@?“kiﬁoofnterval count is

i ncreased by 1. If the physician changes the

[0099R1 NUERBAE fial n%nfg‘fakﬂg cﬁﬂﬁegﬁﬂﬁﬁg{ﬂe%h{/&? Weh 'b@ﬂls thB®C notes

equatl on to cal cu te the new const ant e and ope
uses thdmmaintenance rateahergeatqudst Rahgontioues with thetdehserlyr@lf the bolus.

ChangEntegiict alfebebdl B Wean g Risah e DS THE e

at  a NeMfesdePeate Hdds. hol ds for both rate increases and

decreases (dependi ng on how nmuch of the original

| oadi ng dose was delivered, there may still be sonme LD
[0010W ddl.Svpervisesplieaires decrease in the MR). If the

calculated LD is negative, the DC switched to the

[0016- gms_ﬁl%rc n ?seof %&?ﬁxﬁlaﬁ% lgaélH% h5&rang 'ﬁ?é)%i E maM?&laQ& rate
be ‘confrgure require any change rin :
Cont rafsol endble ﬂnﬂltdbeghffebtlveiy antégrated éwto 2 mnptﬁlmnniz@&kperﬁsory
this S%gﬁ © gepegvﬂéo% gﬁéll 1% 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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M nute Induction equations would be used. [0098] 3. If
a bolus is selected during delivery of a |oading dose,

wo b@oloo@dt ng dose can be interrupted as the ADXT/US2005/020149
delivers the bolus. Imediately after delivering the

lus - | gadi n ' it 1 ef
1001@00d) A SpPRRGET SRR s TRhERUTRY HEBLE thfbstof i refponse o
the dévdrsephysidiog, BelDS, cah eathisgtaewrihled aordasd @madinnance
rat e, change .request, but?&gg inues with the deliver

of t FRic CHORMDS nsien igcen 212 TRTBER OLOFSD Hedeio” time will
o ; . .
rode P PGB 2 R S EHES: LR o REVITR Al RAR Rt by

conc éptivabf At the endioftha Ziexce tilneate ogmulatee BDdvillregual zero. When
apparent_ mai nt enapce rate .al so _enapl e DC t e. . 11 1

of 1 ot HRPYe PHAS GIoardBRY SRIBE e FodsraD sBe Aficaa willlikely r-
Superyi \Vi . b3 k8 '

Cobe SRRty RS MBRGAIEL I B o
desi gfithet Zapo_rtome, ttloy DEroiay tuest itvae mychhizgead MR drone thetappdrent MR (at

paraneters .in.addition t he maint.enance rat
ol e B SeBfs oo B GRI0 b Bb Rt thgmow MR
a SupegréhtePihn SRedppaeaMMIRNE it Be (Batbd 8¢ £MI0inctdasd. L Eehe new
to): Infusion raté limts Stopgl ng drug delivery if
adveMR ipleyssthan wpyepoerent MRS wit beregtediacd desrepse (pegative LD).
delivery if certain conditions are net Potentially
cr i . a i [PIe J .
(00T A8 oot B Sl 10500 620 LB M o i, if e
evenldD fstrepstiadpCidetultotoaht Timé eerdfokmap In addition, the clinician
systens).[00102] .1, If a Supervisory Shell .is designed
to t 4PF RFtmeerssRly Rrvrtodtrit vt dsrsivee PBysiglogy lgars Before re-
physig dm%g@ﬁ‘l;gg:y.can treat this as a normal decrease
i n mal ntenance rate (stopping infusion is considered
as a "decrease to zero"). A Zero_ tinme will be
[001¢4]| c @l Hitbeladwerst aviet coaunddaduiring thedelivery ofosloading dogpeand the
I ntegrated do ery..nterval. t he, end, of the
Zor o PP RS RPRE Berdslitpi DX atpife S8 S et M ot the

adverses 1By aithsi6h Qak Stoppedy & @l lite HRIZHOFith@ nor mal )
the clinician will likely re

[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, is 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 to 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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establish drug infusion at a new mai ntenance rate. |If
this occurs prior to the end of the Zero_ tinme, the DC

woreyet@sr it as a change in MR fromthe apparOl/UMR05/020149
(at the time the clinician decided to re-start

infusiop) to th MR, |.f ' o

001055140 b S R 0 -D RS MR 88 Bl ey i
It diechenedyRciabld §oBlehhaithihhite ADSarrte piablenswiolild ihelude (but
treated as a decrease (negative LD). [00103] The

cli ma !lian'tedgtp.) a;@lg]@gggcbpqlmxi@etgégq et digcanggsted) ECSead, air-in-
I nduetd Bkt *&Omﬂe%ﬁls'icf Mla‘l?oJ—R/ bk NARAIHS. gqlhﬁ ?g?églr/]itséry Shell

to t Zero rorna n addition, t

doessthgit dlieegoTarig i rBsofisd 10 sueh 4 problanh, DO dirddwersdiee present

physi ol ogy clears befgre re starting.drug deliver
[ 00 1waicRAnqarater{BempRINTTE 2d\PEHsESSJR SR GRRGR ARG Bo new MR

del i L @ Iy

e NG LB S0 AN AR g
t he ibienhhes fatefhasédon thesusinypiye thading dosé etthatimettheproblem is
Zero_tine. 0105] 3. A Supervisory Shell nma e .

desi ?ﬂ_?@&te@o Lf?‘@’al &épﬂﬁfﬁls&glm%%qsﬁ 1 %‘a}né?}% yet (gn the Rapid
cert ﬂfdﬁctmgﬁéeﬁéﬁeéablﬂ%&n e APURNERaint&@RAASe rald totthesaved

Supervi sory I nmply requests a fixed reduction
( saymaiddénhinece mieanpl €) in the maintenance rate DC wil |
handl e this as a standard MR decrease. An alternative

001045, ug&@tﬁoﬁ{ e %@%&Pgﬁg"t‘ﬁet @drﬁ]ulgti‘%l’lggc{i%é S Aé)pt%fént

I'n response an aavers rend,

i St malnbdRnesheenhdas ddlivelesysteparearlt hawd totrelyasmcsimpletohanges to
concept and tune the size of the infusjion, rat . o

r edutheimHntepancs gate.e § Bete vl nqtibs ap¥iqading doSEHRGRRIVG Q1 Dositive)
as | Qr?a'bﬁﬁéﬁ%t@ id.tagﬁie(/irﬁ&ﬁ 'oif BRER\ 1668 ¥edaBRN Therefore, there
det ecti ng®wor seni ng physi ol ogy the Supervisory Shell

can tadd beettemiBdipriods of tivee WRet thezetient 1T fnadequiatdly cared for.

DC to calculate a Tinme_zero and begin integrating down

t he cumul atj ve en,the condition clears .
[00108} K T&F%%ﬂqné%fbn?D% %n\%n ﬁB{z’Hﬁﬁ?‘}‘fﬁWBO‘%%%]F%a@WO%hm |
can informDC to re establish drug delivery at the

[001R}P2DRB o PARichMY-FaticBK A iabilay IV deudsiaf@typliallp kiyaica ko dlinical effect
réturns to normal). In this manner, the | onger the

p zﬁt i erhe dinidigmingbidyye the nfosinn irate tprsbigvy the taeeet gifed on each
Supe i o4 el PSRt BRiRA ehBIEI it squpe ot

st Opnféiliegl ptebédtes, Yhe dliridian 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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detects a correctable problemw thin the ADS. These
probl ens could include (but not limted to) a

wat@bodyszl pul se oxi neter probe, a disconnecteﬂcfﬁmamsmmn49
lead, air-in line detected in the infusion line, or

bag /_ vi al

P, bR PRI Sh7Bmgin s
fir sindmvaBoridpethp peisens re@tmﬁeen ahmblraabﬁ stithel. Fhisfaotiomsis

a decrease in maintenance r with the new MR e|n

zer otepepieh at qrpredetprinphinterys rﬂér@tlghqqﬁ QledPEngaé RFo

cal cul ates the apparent nmai ntenance rate based on the

[OOIﬁZr ; ec% 'uééee ﬂ{ﬁ%ﬁf t%%s&@§ Aent’8 feviel OBl MforPis QBRI B detail in

per rns an I ncrease I n nal ntenance
r at e cémmonlyeasRgpéddU IS Rateni Applinatien ﬂ)@/éfi@ﬂé(bﬁlﬂ)i Septembieh@9, 2003

appar I Nt enance the aved

rateV %r%ggﬁlwmma e et SS5Fhe 4 B RRcptions, there
| oadi,ugnslR8ReBHEk ddat g@%ﬁfs@d’ﬁss&@ét@d QABNCRM! ah GumAARMIG a
delivery systemwoul d have to rely on sinple changes

t o t patienbiaspensa mmemalnaé senflseabovsogireestsdo atr@tlamtyo receive a
| oadi n 0ses Ve 0 ositive), enabl
oo e S B eyl e b s FR R o i Fequests. By

Ther ghflyAng HePafetBUkshodsesctlepated’ sevdl ofsedation tatEve
when the patient is inadequately cared for. [00108] F.

| nt edetarmioad.ofn pramplg o4 Row A RMa erds Reﬂlp@ﬁgn HheErawings. Figure 2
Moni Elﬁl trLt%Q %g?AscBlﬂg %d%ﬁ?ﬁ‘%%{%?fé&b? 11{?: dl lggiéi é_ﬁﬁ a

IV drugs are typica
t he @éspﬁmSéltMng‘apparhwm @04.h&hé ctfmmllml OZageaertates aahquesefor a
i ent. Further

the target effect h d
et REEe Y rEDAREISTE RBAGE Al At By feak bgfsngnse
m:"d' BherRE® Bﬁaﬁiérﬁtleﬁthl%6gl) g r%gl?c@t iy delterﬁl?ﬁ’eea fe@eltdftséﬁtﬁ%n of the

rug to taln a desire target effect. For
vvel | patient 406.eTheredppisy sistihg aprargey Hiteineludes siggheshgssembly 108

bl
ul | g8 BESRaE asSrty SEi- b Foug FsimBRn (e paitard to the
cl osgafilig10608R r@dﬂﬁsta?gn@ﬁ%d' #2thb Yol feP 1 02.t DhSresponse assembly

titration for the ni ci an.” For nost physiol ogic
par afd évused hy the m@pnt W4rip gendsete gheoseppnse aid @mmumg@té‘sthe

sedatlon/a t hes 1 nhodi
my FHOPORAS D fonensr 03 Extmplky TR M es pafichiy
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 least 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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sedation - the Automated Responsiveness Mnitor (ARM.

Integrated with the ARM and a Supervisory Shell, the
w@osokd9senabl e the clinician to nore easily tPCTEBIM05/020149

the delivery of propofol to each individual patient.

One ad_.of., US| i ' ks [

st i gy A SRLREREL 3o BB 1018 pHiphAhirias o
pat i gRtstimulisk#na 5 seebridfah@ MR eightthe ifi@esedby 8O pifig/min in the
vibration stinuli; and nonitoring the patient's
r espoasse®f propofd, if therrasnonse ecrrphaiweenn] andgld segpndsdhe MR can be

r epeat ed a,predeterm ned. i nterval througho

e Bt eal e BT e THOR ok B At dlel 19 seconds
pat i ety ' . i d . : o T
cormgir% I hfgadgg?bgl#e@%ﬁ%%%%g? g nl%n%l,&ppl |§:%r?:§gcr}11 aila;%)gI g%dgyln%%l This
fi | edoBeghtfimmdtion iLiflpstzO@Binvthe fbwichat rasiided as dFog. 20 mdeesdeontrol

o) ' fan Zolb e aed AECorsnomed Bunectudl B Mifing R s by
I'n summMm hst BB 1188 thdnSS PPRSR) MmESEEsPrhbidlseconasls

various requests to a patient to receive a patient's

response and then anal yzes the patient's responses to
[001tXe Fudbersrose, tiBypatical’yzespanse keABMi asjpors sp Hydgss of ARM

the patient's | evel j ' N
BB JE ah REP BRI R R RA o Wusing
Fi guie Baintcnbisderraic@Speiallgfociong pravedaes. oAcyding 0 BR Grincipals,
including a controller 102 and a response testin

appaP¥eriing even wiffea egistanbinfsion tate, i frangendeatign PE% fegyin the
for Boly %ﬁf gxl%{{élﬂﬂﬁclfeﬁp Gi3Ecah 1848 B lﬂght)e%féﬁ olygxﬁd&age, and
S a e I ent

anal ys ast’ a response generated Dby the pat
106 tcconipanymgudsdrsd evedtst @ropofel labdlimgehllofor s eethictiominginfusion

the patient 106. The .response testing _apparatus 104 .

i nel g4 S20uagnies pisdbERERg S st aHeG Iﬂagﬁaﬁﬁgo& ASipervisory
asserfLy idtBrateliBoltBYBEStan A8 RAMHHCI Y DS FG AN HEAdsRA rb@uction
the pati'ent "106 the request generat’ed by the

cont effetterlylbintafiieg p esfodersh ofisedatidsl. yinohe embodigesit, igy long as

the patient,. 106 to.gener.at.e,.the response an

cormi Rees RO PR A ple sk aRA Y Rra Mg perform an
Examal@nffic h&RRAGS CHAWERMDIfiep 35 Bahlites bf dntidusisealou!
herein are hand grip assenblies as described in detail

i n coespondiyengss thersustemapan fedusp the meintenagse baty tyafingigamount

e RO TS Ay TS B g

2003 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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(atty docket 451231-017). The response assenbly

i ncl udes a handpi ece which senses a dynam c vari abl e
wo@bRooa/ob@sz grip response made by the patient tBCT/H82005/020149

request and communi cates the dynam c variable to the

contt e?attlgv\%gf 5 g %ldﬂ%e% ev eﬁagl?%%tf «LiErawnRn fo IS%unred for non-

var| rmne a ation of t
pat | &dktivdgs00112] One nmethod of integrating DC with the
ARM and a Supervisory Shell is to limt maintenance

rate increases tient's.r onsi veness.
1001355, “GxRipmreion 91 bRanp AR ot 2R B SEAE o Arw
t he systemvvill not allow the user to increase the M

[0011{?5?‘ Hé‘r RHJIEAEntiScok ST ReNS biteent-feted sedtiod fagureavitiiC.
nke [imts on increasing the MR Alternativel

mai nSawaddferermesin effactius analgosiator apesthasia dosages ¢an g% dramatic

patient's |evel onsi,.Veness.

pat i EYf aﬂ%@ﬁéﬁ’ﬁlciﬂ&' ilﬂ]@ag?aftlﬁﬂ G z%rg Jgéseco\%% EIB} %pﬁam‘
MR np@idticig cirbghaasRsl 1@&0%%3&@151@1‘[@ db\Fblctﬂ'lzeSys&ﬁet}ﬂf
propofol, I'f the response occurs betmeen

HCT edse amount such as10
rrg/kg/m n. This control functl on |s |IIustrated inthe .
[001F7] owWikteregardrto thededel af aEélgesiaZor]athh%i&:ﬂmt isoeedsddyys particular

290, 292 and 294 corr t
i ncr BieEg 2t P%@%léromﬁgs ég?efg%llg\éﬁ%%ﬁ’ﬁ? tIMR" oSty Rpip expert
5 5 5r‘%1 1&1”:9 Hrégelﬁrls {H%rp%tléﬁ QARSI or HeAkE3hs opposed to the patient's

Furt patient's response to ARM or nore
spec physwhﬂ Whﬂ@plsysmﬁmmyrl@gp Sredaondgdasand suprrigscethat is

Super vi t

D a1 ahEh e SO EH Be DB B 0Dt bt
Acc o?ﬁlﬂlé@ﬁ it RnBKtoBd th€ hRaIng noPhe phi/éitian evediswhd libsajudge of the
constant 1 nfusion rate, the concentration of a dr

t he Goshgewithin ﬁnemapllaprsptﬁ@m&eethét bethsesves dhe nesdsof 'gle patient at a

evonpe g Bt R e SRR FECRPATL ARy PIAF fectivencss of

i nf usheOdiintiatseratidn @hnaigesit 65 ar%thema ofteh cat lben@phanced when the
Mai nt enance Rate | nfusion. %upgrw sory g %
i nt egesingaf thedsug Hdeme cortiolad nhe pati “WH srighHopfidgrations

S ugg %%fn% é? gtﬁﬁ%ﬁnl @4 Px%%lﬁ%%bﬁﬂ%&é’ Hc?do%lﬁg@' # gsn(?esﬁéé ® prov1de a

evel n one enbodi nent, as
pat [ eydtemsmelscmnlahasethe benithd oftINE Wl‘dt thg bamcéijis g@mtlem controlled

will n perform an
se atlon

[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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automati ¢ reduction. However, after 15 m nutes of
conti nuous nonresponsi veness, the system can reduce

WO b@oteiont enance bate by a fixed amount (5% f oPCT/US2005/020149
exanple). This is repeated every 15 m nutes, as |ong

as the patient, .renpin - i t . n

2s ¢ e e if S5 R PO AR ORORR edGos AP EeB 0B M
are shoparat’s Rieuf thshhigieatisan ARM $orre@oAdNwith diessint where a
again, for 15 continhuous ninutes the reductiqons wl|

st ar patigghpan nogpngesidese essH with apatiepbivosd sedatipp estemr
redugti o %= 013 i

AR PR SRR SR DGR e ot

gS fe dwhen tHegatbeesed raspussiarss, teveatdamtuah’t eénd anyeresponse to
efore triggering_a reduction in j i on, , .
and  Selbiet EOBRIBEI ESrBETIESdbeTeis & EKOREPHRGIRR BN kea patient's
of tpe%ggﬂsg,gsulaﬁ 'aQ?rcg%hé %@:ﬁgﬁ}jm{(%gl’%e dﬁfbﬁaﬁ%}?gs? to prevent the

di scussion’ centers on Ivery pr opof ol .
Howeypgtient fiom eerdosiig ifsé&C can be applied to any
i ntravenous drug. The equations will have to be

justed t ccou for differ . r oki.net i c .
ool el Bafiss HedHePoRin At e s by having
di f f efeeilnidiReséS ‘Ghllpak? interitnbd ra@alb@%&éith@lﬁ}e padient’s weight.
nonsedati ves. [00115] G Integration of and ARM

wi t h Thasystere wpuhklepgBebladelbmeripgen ifiatimnrlgadipgdose calculated from
fe gg? gjrd;}sr\%cgl?{ﬂ%e%%?}ﬁ%%%%\%fxﬁgﬁ.l KAk 4 %%&6?2@’?% f\)/ééfbd, typically 90

erences In

anal geshds, te ARREIkEévicHRndge fequen firen pitienls resp@isenThe
anong physical | %[( simlar patjents who are _subjected to,.
ver y Tesuestimay beaiorsramnls ayawdible sipelaveh as “Squeggs yqpr pand if you
desi -t 0q- P i
Oce) BREATAISRIALD PuFNELEI bThehaRaLINALED s
concept is to include the benefits of patient

[0012Knt IithE patiene daspomds quidkhy, tfreexiaepls Withingdf sebamds[of Genagssage, to

hat et snSAng e B S Tl ac s B R frog ate by
timegg iu thBNufiBSn R oSHSIEBSIcRIvE RRtndhh@datiSlevel P At Bhis

expert for a particular patient is the patient hinself
or heoilthe BES oy bs derked ovtizom andreasingdhe mpiritenaaee rate for 60

Wi | e physi ci ans have the know.e ke

O ARl 03s Bl LB UG Y 7GR0, SRR P et o

neet atshRtyReeaitioh i@ pRIEitithepaienPRbm@Ver-sddatibe NHshd gutient

the patient, not the physician, who is_.the best judge

of t mesponds, 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
ug/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 allotted time (15 seconds), the PTS

would not deliver any additional drug. Further, if the patient does not respond
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dosage within the physician-set range that best serves

the needs of the patient at a particular tine and
wan@en1d98e ci rcunst ances of the noment. The  PCT/US2005/020149

effecti veness of the admi nistration of anal gesia or

anes ' t.en. -t i
e L S T
saf emaitommice eitd tfbronanipbs, 58 depg 15 mimitesd Tiis jsristenddd to keep the
overdose. Accordingly, it js desjred to, provide_.a
syst BARRPRPERSIEOPRSIcRRIY SF@Péedo%@m emgntepas istate phgeneral
beneghéfmgﬁvpatient control |l ed sedation. [00118] The
systemin this enbodi nent may al so i ncorporate the
advant ages of DC and ARM wi th advant ages of patient

[00124)nt Aekbrlihghyg datusmg at patibotrtmmedsstiatém systeoy ihegraticntfactsras the
present _invent.ion -, Patient Tuned stem (PTS).. In
Pt | SRR Gt OE figpito e ERUPLTT SR e ah OLSTIRGRR | e
device, is acting as the depth of sedation sensor,

[00125]S € Mavitgl dbscrie@ ThdavEdtRonl iR ABtaflAng B¢ aéfeice (HPeifis tRBbdiments
woul d include all of the patient nonitors currently in

t he $hetenfi ibwildbe ppnargnt dhas madificatinnsandnedationsio Ressije without

pul se_oxj.netry,..and . . ' t .

e BB b A b O By, BTRRAT B i

Anes tchgrhs.cTheldrios ymbyditets desdrited thesuirs ialy d8 pbdbrssdseparately

noder at e and, deep sedation. Thistransition point is

wel | Of ErEeheHINARYIRBDHILIPBNt ' s | 0ss of responsi veness

to ARM The patient's |oss of responsiveness to ARM
[00156]" T RSaiddh the point where a patient can no

onger dose hlnself with a patient tuned sedation

system Essentially, the patient's responsiveness to

ARM acts as a dose limter so that when the patient

| oses responsiveness, the patient can't send any

response to deliver nore drug. Furthernore, there is a

| ock-out period that follows a patient's response,

such as pressing a button to deliver additional drugs,

to prevent the patient from overdosi ng hinself.

[00120] In an enbodi nent of the invention, the Patient

Tuned Sedation starts by having the clinician enter a

"bal | par k" mai ntenance rate along with the patient's

wei ght. The system woul d begin by delivering an

initiation | oading dose cal cul ated from
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DC in accordance with the invention. After a specified
time period, typically 90 seconds, the ARM I i ke device
W@ emwds1@52 equest for a patient's response. ThePCBUSME$/020149

may be, for exanple, an audi ble signal such as
"Squeeze your hand if you are feeling disconfort."” The
nmessage may be repeated every 60 seconds. [00121] If
the patient responds quickly, for exanple within 3
1. A ﬁ&ﬁ&mﬁdé}i‘veﬁﬁgmmgedmg@totat@ueﬁqaéﬁ@hsm squeezi ng
his hand, the PTS will increase the mai ntenance rate
by 10 ng/kg/n1n utilizing DC to rapidly achieve the
npwesetaing enirigdeiveryAystemiiaclyding e contipllerand agipfusiga pump with a

cked f 60
iG55 HAMABSFALDS LU BT IIGE iy

squeezes hIS hand. This acts as a safety precaution to

P(# ¢eRtlaichEoRBhg &tk bhdedBnahEmaidedaide@ite of & niaiiterpatd mtetbased on
responds, |ess quickly, for exanple, between 3 and 10

s thedpailing dase PTS mould i ncrease the mai ntenance rate

by 5 ng/ kg/ m n. it took the patient a greater tine

t

wbnARRSRE: b ?Jeag@é L PR 1R phird B AR bl Ubired evel
r af &fsct;dalli ver a small bolus ( 0.025 ng/kg). [00122]

I n anot her enbodinent t he mai nt enance rate increase

WO Esecbe o of 1 a&%mﬁ#%f Feiendaciopd ofeiets

and 10 seconds and a 0.1 ng/kg bolus for |onger
2. ' GRRYR ﬁ'of hﬁm t1 %el‘é?ﬁ khe%é&) of €£Ibﬁl51t1r Wio@dlﬁg dbRMASEd onGRe
t he or m nut es. g?atlent
mamtelmmse radrt onasspowdanmlrﬁtﬁ hased on Ithedm«h@g qu'sﬁés vaped e Ervengla that
correlﬁ{}ﬁ flﬁ:é?am ?an{:ﬁ ga? de t!he ¥ a81 gﬁx%eﬁrtggdr&éfgg%%g{gg rt%rué supplier.
consecutive queri es, the PTS woul d begin a sl ow
3, degEaasRdiof claif 2iddie i Teenil@istasddaipos xdiNphrdnteffflation of the
every 15 minutes. This is intended to keep fhe
maxipemlpasingotese grd b MusERIY MAEHeRAEEe r@etrpmm?l}dobﬁ b de;sHgplier.
a state of general anesthesia. [00124] Accordingly, by
I t nt
4. oSl oL LRy BRI ARG iR LT
cl osing the Ioop on sedation. [00125] Havi ng descri bed

t i LpwsenyixgvR n7s)et ai | and by reference to specific
enbodi nent s

where, LD = Loading Dose (mg), MR = Maintenance Rate (ug/kg/min), W = Weight (kg)of the

patient.

5. The method of claim 1 wherein the step of administering the loading dose is performed
using an infusion pump at an infusion rate approximately equal to the maximum infusion rate of

the pump.

6. The method of claim 1 wherein the step of administering the loading dose is conducted

by administering the loading dose over a predetermined period.
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thereof, it wll be apparent that nodifications and
vari ations are possible without departing fromthe

wa@ piosiolesand scope of the invention as defi ned PYT/URE05/020149
followi ng clainms. The various enbodi nents descri bed
herein may be perfornmed separately or together in any
conbi nation [00126] Wat is clained:1. A nethod for
delivering intravenous drugs to a patient conprising:

7. PrEgrAAIE sl Ughdahitvediig SMNee}ﬂ%ysféﬁis Uhckth@ cumulative loading
controller and an infusion punp a mainte

a
dose gdgrinisigredo theawtien), Weasenihy cwawwg loa@awﬁq%al&%@ Eﬁﬁﬁl&ased on the
formuie! 1 very systemto: (a) calculate a | oading dose based
on the maintenance rate or a nai ntenance rate based on
the | oadi ng dose; (b) adm nister the | oadi ng dose of
t D dimg=1D tie, pakienit of bDrapiedly deiveicd e sanplesi r ed
| evel of effect; and (c) adm nister the drag at a
first nmaintenance rate to intain the Igvel
8.  efFhsgpethod ofghimplevhesgindhe @EP%@%%W@@H ififpal §"t68?3°fof
cal culating a | oading dose based on the naintenance
r
By TRL B EDBAGE, LRI DRAS- AR bmLaRel AR G8Epon i
syﬂmﬁate and the | oadi ng dose reconmended by the drug
supplier. 3. The method of claim2 wherein the formula

| oo 6 AR HBEBATH S R G RS PALE Socond aintenance

rate F€comend by the drag supplier. 4. The nmethod of claim
3 wherein the drag is propofol and the formula is: LD
= 0.5 *W* (MR / 75) where, LD = Loadi ng Dose (ng),
= (Wpadntieisterctbe Ratamefiny ldeginmdnye toVe-patignigh trar(lqﬂg)aghle‘fﬁbe new

The method of claim1 wherein the step of
des“‘%gﬁfeﬁ t?fgefc 5889 he | oadi ng dose is performed using an

i nfusion punp at an infusion rate approxi mately equa

t Qc) tdﬂ&u‘ﬁﬁt&isﬁh&ﬂxﬁ@ btihb sdtoh@hRinddnahdteraR b Enaifiain Theenew level of
nethod of claim1l wherein the step of adm nistering

effect he | oadi ng dose is conducted by adnministering the
Ioadlng dose over a predeterm ned period.7. The nethod

9. h%'nff‘eth f‘é’ﬁ%ﬁ%‘ G&QS NG S MBS din S YL S ARG R the second

the r've 'l oa
maintenance rate and the cumulative loadlng dose based on a formula that correlates the

maintenance rate and the loading dose recommended by the drug supplier

10.  The method of claim 9 wherein the drug is propofol and the incremental loading dose is
calculated from the second maintenance rate and the cumulative loading dose based on the

formula:
Incremental LD = 0.5 * W * (MR_new / 75) - LD_cum

11. The method of claim 9 wherein the second maintenance rate is increased from the first

maintenance rate.
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dose adm nistered to the patient, wherein the
cunul ati ve | oadi ng dose is cal cul ated based on the
wo eooaoi@s2 LD cunk= LD cunx-1 + anmount of LD cupeEDn81095/020149
delivered in sanple x 8. The nethod of claim1 wherein
the nethod includes the addjd¢ional steps of:
progranm ng the drug delivery systemw th a second
mai nt enance rate whereupon the system (a) calcul ates
12.  afnd AEHSABARM | PaHLEE tﬂ@@tﬁg fioddntibBtesidu tHeafeent@Bsing AL infusion
second mai ntenance rate (b) adm nisters the
pump pmtthe mrmntald@mlnrmgioa@§@ ministprsd pha 1A IPPEQFIpaslyRdyal to the
.achl ve t M/deS|red | evel of effect; and (c)
%ﬁ%?g(f Py at the second mmintenance rate to
nalntaln the new | evel of effect. 9. The nethod of

13. CTRd MeBodbeslain11 HRerleiahestendfddninsrting thédﬁc&exh@ntal loading dose is
cal cul ated for the second mai ntenance rate and

condugledrhy administeringdhaigoraisatabloadine ascLVEb? H{?Fl%\te‘ini‘f&?‘} period.
correl ates the mai ntenance rate and the | oadi ng dose

2?@?&%@%@\%90@% 5 Iav%ex% e §%BH11 hﬁ{nt%rg cegllr%% itgﬁeé@fﬁgn ﬁfe first

erern the drug I's propofo
maintératceeraent al | oadi ng dose is calculated fromthe second
mai nt enance rate and the cunmul ati ve | oadi ng dose based

on the fornul a: mental LD = FWE | aew,/ ..
15. 7@516 me@gd et ﬁl@llri qv gre ﬁg}&reaffenal %a%ng%eel% g:ﬂﬁgaﬁwg loading dose.
second mai ntenance rate is increased fromthe first

{Tﬁielg %ﬁl%ﬁ Sfcla gﬁ €5 whérbir thd REzHHE 1886ing o i8 hibisthbEhRidhting a

is a nistered to the patrent using an
inﬁxsibmfatesﬂoanrqﬁmppamﬂdfhmm ncrenental | oadi ng dose is
adm ni st er ed at a rate approximately equal to the

i mum i.nf.u u
c i oo R BT A6 Fery 41 PR o S0l Al g Dased B the
nmnmm&@ﬂ@ﬁﬁﬂ@ﬂkwéoadlng dose is conducted by adm nistering
he increnmental |oading dose over a predeterm ned
eriod.
18. p The method of claim 17 wherein the zero time period is calculated using the formula:

Zero_time= 60 * 1000 * LD / (MR* W)

19. The method of claim 1 wherein the method further includes the step of administering a

transient bolus of the drug to temporarily increase in the patient’s level of effect.

20. The method of claim 1 wherein the steps of administering are discontinued if adverse

physiology is detected

21. The method of claim 1 wherein the step of administering is discontinued if adverse

physiology is detected during a maintenance rate infusion.

22. The method of claim 1 wherein the step of administering is discontinued if adverse

physiology is detected during a loading dose infusion.
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14. The method of claim9 wherein the second
mai ntenance rate is less than the first mintenance
WO 2006/016b52 The met hod of cl ai m 14 wherei n t he PCT/US2005/020149
increnental |oading dose is a negative |oading dose.
16. The nethod of claim 15 erein the negative
| oadi ng dose is adm nistered by setting a infusion
rate to zero for a period of tine. 17. The method of
23.  Clraé MedBd Whehmh N wihbeiZ @ dieyd ifchu@ds rédudigithe mainambadeaate if
based on the increnmental |oading dose. 18. The nethod
adverssfphysiglogy evangivesse fFeph i phypiglogy pedsieetsdod i s cal cul at ed
using the fornula: Zero tinme= 60 * 1000 * LD/ (MR* W
1 Th ad | ' :
24. Ry (toTBk 4% 2 BpRirihd pHFiRRGL fld RO h el ¥ihysiology or
an ad@irsetthed @ plgystobodydnpeteaed dyringnomaiareaarica rithefpadn.ent ' s
| evel of effect. 20. The nmethod of claim 1l wherein the
steps of administering are discontinued jf a?v rse )
25.  pihemsthogpf pleinyd? abereh the maiignapes 1isds sdueqd:; fvprse physiology or
We . 1 &l ' ' Is phi nued if
m adYAERAL it IS RAGE 19 e B I fofting dostLOAOH  enance
rate infusion. 22. The nmethod of claim 1l wherein the
26. sTapnefhoddifithins 22 wihagin the diep obredicing theinhaintdnance eate includes

s B 555 P A ETS ) e
an appddéilt wek@fedA6d kW thd em e A RIS sioRIg® of fre@diaIctaared based on the

gllgiysn ol ogy or an adverse trend in physiology is
cumulgtivelopdige dose. The net hod of clai m 23 wherein the

mai nt enance rate is reduced if adverse physiol ogy or

a i [ VS| j ' i
i
is detwirgneel by dalvalating tHeappirest maibtenanse raclatdhelting theddeersephysiology or

hysi ol or. an adverse trend in iology is

wend i Qe Bhuio o b Rp ahgE ey BBE) The
met hod of claim 23 wherein the step of reducing the
majRt E%@&e:ﬁgi&i]j. BehY@Ees *siypppi ng admi ni stering the
drug-and determ ning the mai ntenance rate reduction by
cal cul ating an apparent mai ntenance rate at the tine

28. t Hheabitexdsd chiny Sivahengy therméthahincludes the Buthevsterefadonitering the

patiergthsﬁevel of effect

29. The method of claim 28 wherein the level of effect is the level of sedation

30.  The method of claim 29 wherein the patient’s level of sedation is based on the patient’s

response to an automated response monitoring system (ARM).

31.  The method of claim 28 wherein the step of programming of a second maintenance rate is

limited based upon the patient’s level of effect.

32.  The method of claim 31 wherein the programming of the second maintenance rate is

limited based upon the patient’s response to ARM.

29



cumul ative | oadi ng dose. 27. The method of claim 26
wherein the drug is propofol and the mai ntenance rate
WO e@aoidoen i s determ ned by cal cul ating the apper/@st005/020149

mai nt enance rate at the tinme the adverse physiol ogy or
trend has cl eared (physiology returns to nornal),
based on the fornmula: MR arrarent = 75 * LD cum/ (0.5
W 28. The nethod of claim8 wherein the nethod

33. i MheweBod dteldimrBheierst e nodinteidnict edié BAutohtiply reticed based on
| evel of effect 29. The nmethod of claim 28 wherein the

the mpgijred lvelafrediget. i s the | evel of sedation 30. The
nmet hod of claim?29 wherein the patient's |evel of

34. SEHRLIRA 6F BAROY Wil theR@ihEncS rt€ %ﬁ&@%ti&ﬁl}pﬂ%ﬁuwd based on
aut omat ed response nonitoring system . 31 e

the patehtiovelfofcbdation28 wherein the step of programmi ng of
a second nmai ntenance rate is limted based upon the

patient's |eyel of effect. 32. The nefhod of, ¢|aim 31,
35 whdedHhad e ‘6‘g3r4a¥hﬁr%&l‘}fmfilﬁtén§‘é‘& B PR OB a the
patient3s hdtFedpB ki RAR AR M ﬁﬂ&&et&ﬁ{ih&mﬁlé. response to ARM

2933. The nethod of claim28 wherein the maintenance

rate is automatically reduced based on the nonitored
36. | ébelmathiodedffcdaim 353vhereTthe mabttérmdcofatecis sddurc @b ynbe ikthepatient is not

t he | ance.rate is automatically reduced based on
reSpoflﬂ‘ée{ég‘%’gf(\e/ﬁ{&rggfnér\l/ug >of sedation. 35. The method of

claim 34 wherein the maintenance rate is automatically

37. I edideRdhdd oftdEmBakhepéih thesm&Bbdd neRidedht ¥Rp bPmOMM gl thé@patient’s
redetermned tinme. 36. The nethod of claim 35 where

p . . ( .
level pheffephpased an A Pations fumed systeaythebeivesthgpgtiont inpat tg hq drpg delivery.
is not responsive to ARMfor 15 mnutes. 37. The

s5. COASRRls B 8 VRS ok PO ISl faen
generpt@ta resytonse) méhdreiytht enuedt &t a gievesghddmgpatieistconfpuiievelo
the drug delivery. 38. The nethod of claim 37 wherein

the patjent tuned system sends, g request to the,
39, pakheanthqdoislamgdiesiy the pafent s Toyelpteationds rogited bpssd on the
patie®’sHe§Iotsd B9IRL dige. pat i ent’ s confort |evel.

40.  The method of claim 39 wherein the patient’s response to the request is used to increase

the maintenance rate.

41.  The method of claim 40 wherein the time it takes for the patient to respond to the request

is used calculate the amount the maintenance rate will be increased.

42. The method of claim 39 wherein the maintenance rate will be gradually decreased if the

patient has not responded to the request for a specified period of time.
43, A method for sedating a patient comprising:

(a) selecting a first maintenance rate or an initial loading dose for a sedation drug;
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39. The nethod of claim 38 wherein the patient' s
| evel of sedation is nonitored based on the patient's

WO empon®s2t o t he request. 40. The nmethod of clBETUSH05/020149

44,

wherein the patient's response to the request is used
to increase the nmaintenancesfjate. 41. The net hod of
claim40 wherein the tine it takes for the patient to
respond to the request is used cal cul ate the anpunt
t iig) saRuniap an Getidlabaling doke based oe tieanstenaide rathier ambinttance
of cl aim 39 wherejin the mai nt enance rate wll be
grag ased pndaenintlogding dpste patient has not responded
to the request for a specified period of tine. 43. A
ng%)hﬁﬂlilfli% rift gﬁ@tlfuﬂgl lgad%%; £Obf HQ T akiSh Qf:g 6 ?r)e parlent to achieve a
sel’‘ecting a TIrst nmalntehance rate or an-init
| dagdreddevdbetsellatiora sedati on drug; 30(b) cal cul ating an
initial |oading dose based on the maintenance rate or

i nt.enance rate based on the initial |oading dose;
( &9 SiTACERE e 6TRB i AR A RARPI T ORI the Tevel of
sg@dkibgn drug to the patient to achieve a desired
| evel of sedation; (d) administering the sedation drug
at a first maintenance rate to maintain the |evel of
s ée)aeleoting { sscosdmeintanagreaats éxadjust the laved nbsedetionat e t o
adj ust the |evel of sedation; (f) cal cul ating an

P o R R T R

t Recomd MHdidthanBe F@adi ng dose adm nistered to the
patient based on the fornmula: LD_ cunx+i = LD cunx +

anmount of LD delivered in sanple; adni ni st ering
t Ke) datratasing thetunubzire depdinggiose @ﬁmln@tqsfai todhn pattlsntd@mdefmethe
d%§8 nd | evel of sedation; and (i) admnistering the
se I'on drug at the second mai nt enance rate to
mai ntain a second | evel of sedation.
LD cumyy;=LD cumy + amount of LD delivered in sample;

(h) administering the incremental loading dose to the patient to achieve a second level of

sedation; and

(i) administering the sedation drug at the second maintenance rate to maintain a second

level of sedation.

The method of claim 43 wherein the step of administering the loading dose is performed

using an infusion pump at an infusion rate approximately equal to the maximum infusion rate of

the pump.

45.

The method of claim 43 wherein the step of administering the loading dose is conducted

by administering the loading dose over a predetermined period.

46.

The method of claim 43 wherein the second maintenance rate is greater than the first

maintenance rate.
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44. The nethod of claim43 wherein the step of
adm ni stering the | oading dose is perforned using an
WO pdoa®i@n2 punp at an i nfusion rate approxi mat ePgT/E@82085/020149
to the maxi muminfusion rate of the punp. 45. The
met hod of claim 43 wherein the step of adm ni stering
the | oadi ng dose is conducted by adm nistering the
| oadi ng dose over a predeterm ned period. 46. The
47. maHBAaRI FleRi44 WhRSH BletndiiRl ifEGQRAERENG NG GRInE @eShatient’s
Is greater than the first maintenance rate. 3147. The
level pisetatipndfases] o PAISE SHeEnAsEHOtARAUIPEIARITCINPBPIHENSSS MpRitoring system
(A tep of nmonitoring the patient's |evel of sedation
ased on patient's response to an automat ed
responsi veness nonitoring system (ARM. 48. The net hod
48. 0OfThe hadtodbf clig UG iwhetdie tiRtstp obinonhodidgthe fayel dfselationlincludes

.of sedatiaon includes sending a request usin )
sendipg,? iHE HsiPS S5O KSR FIcSt mﬂﬁt%%tsxﬁ?g/&{&%&%ta the patient to
genethfd® rQ@toh_fe[‘ WhtRirBRO FIGALS it é&%@&ﬁing%@%zﬁieﬁt@ &infort level.

request 1s a query regarding the patient's confort

| evel . 49. A drug delivery systemthat delivers a
49. | oAdinpydddivery sgstemahatrdeliveenalveding dos anfl aanaintgppnce rage of a drug to a

. patien the systemincl uding.an infusion nd a
paticfl ihe Setden ieRigRe SR AR PEPPBEY AGoRISE At et SHergdpogremmea
such thBEths Yystanpatsh imsstédiorst eps of . (a) calculating a

| oadi ng dose based on the maintenance rate or a
mai nt enance rate based on the | oadi ng dose; (b)
admi aslcalatipg adoading dose biased onheanainfopange i plghmainggnance rate based
aChiBYRaBndasict €d | evel of effect; and (c)
adm ni ster ng the drug at a first maintenance rate to
mai ntain the |l evel of sedation. 50. The drug delivery
Sy(b) eiminiktetihg the 1dQinghduse itantht patient ®yachicve aldedited iévebofzefiect; and
| oadi ng dose based on the nmi ntenance rate or a
mai nt enance rate based on the | oadi ng dose, i ?ase% %g_
a (Padmipigteripg the dgig dafireaniipienangs FieRapBtainipe leyplptspdation.
| oadi ng dose recommended by the drug supplier. 5 1.
50. Thﬁle e‘ii%%ﬂgvsg%#m %faﬁﬁh@fwh%}eﬂl ik 3R WF@JI@dlﬁir%: Hloading dose
formu I'S S upon a | i near |nterBo ation tﬁe
basedmxthaumnmeaoomnmeteded thaachage coseasedan thHedoating dnsenis based on a

forrmglg %l?at corPqucgs the maintenance rate and the loading dose recommended by the drug

supplier.

51.  The drug delivery system of claim 50 wherein the formula is based upon a linear
interpolation of the maximum recommended loading dose and the maximum recommended

maintenance rate.

52.  The drug delivery system of claim 49 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.

53. The drug delivery system of claim 49 wherein the controller includes a setting to

administer the loading dose by administering the loading dose over a predetermined period.
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mai nt enance rate. 52. The drug delivery system of

claim49 wherein the controller includes a setting to
wadivsoi®ser the | oadi ng dose by operating the Perf/ustoo$020149

punp at an infusion rate approxi mately equal to the

maxi mum i nfusion rate of thegspunp. 53. The drug

delivery systemof claim49 wherein the controller

includes a setting to admi nister the | oadi ng dose by

54, admhédiak aslivegy $yien sratiimaiodoiseein iRy drag lBet Setehtedks the
eriod. 3254. The drug delivery system of cl a\i(?%%g .
cumusmérﬁ dadingdlesepdmynigiered/e e Rajisnte hereindhe cymdaliysigrding dese is
calcul 204 é@&icﬂﬂﬁ?f mini stered to the patient, wherein the
cunmul at1 ve [ oading dose is cal cul ated based on the
formula: LD cunmx= LD cunx-1 + anmount of LD currently
ddlD vamgd L camppit emoutitof CTheurckntly deléteradan pamsplstxem of
clai m49 wherein the controller is programmed with a
secon i.ntenance rate ereupon the system (a )
55. ca lem?ragggh%w DR %%%Faglﬁ&wo@ggo Bils Erﬁgr(aaﬁfgi with a
secorfddRfifkeRihct RRe WRELMSbNTRE BsepANce rate (b) adm nisters
the increnmental |o0ading dose to the patient to rapidly
achi eve the new desired | evel of effect; and (c)

(a) cabahldtes stiscremtitel ldading dase forehe dumgbdsedmnribeseaombmpiatepance rate
mai ntain the new |l evel of effect. 56. The drug

el ivery system laimb wherejn the controller is.
O) o5t e iR oenis AR TR GABEtE B b desired
level bpéfRSandLD = 0.5 *W (MR / 75) where, LD = Loading

Dose (ng), MR = Maintenance Rate (ng/kg/mn), W=

Wei ght (kg) of the patient. 57. The drug delivery
(c) adswigisteny o¢ dpigat theSecongdmairteranch ratciomainipinghe pew level of effect.

programed to cal cul ate the increnmental | oading dose

based on.the fornul a:. In¢grenental, LD =0 5 *W J, NewW
s6..  E0r 58 4 P e oh SRR b Py 3 ot R hutae
the 10a8ingldesetiaBed drethe @itul: | er is progranmed to admi ni ster

the increnental |oading dose over a predeterm ned

peri od.
LD =0.5 *W* (MR / 75)

where, LD = Loading Dose (mg), MR = Maintenance Rate (ng/kg/min), W = Weight (kg) of the

patient.

57.  The drug delivery system of claim 51 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

58.  The drug delivery system of claim 55 wherein the controller is programmed to administer

the incremental loading dose over a predetermined period.

59.  The drug delivery system of claim 49 where the infusion pump delivers the drug at an

infusion rate that can be set to zero for a period of time.
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59. The drug delivery system of claim49 where the
i nfusi on punp delivers the drug at an infusion rate
WO b@b/0c@n2 be set to zero for a period of tine.PGBES2005/020149
The drug delivery system of claimb59 wherein the
controller is programmed tosgal cul ate the zero peri od
of tinme based on the increnental |oading dose. 6 1.
The drug delivery systemof claim®60 wherein the zero
60. t im s %egigeltyssyaaﬂ/ncblﬂ khired9 lxtEhlel‘iag?q thb eoﬁtﬂfllgﬂ}sq)roﬁahﬂue' d eecalculate
= * 1 LD The drug delivery system
the zggp PE’F%ﬁ of tige Daset %?Weﬂ%e%%%ﬁ%qdlnb‘%‘? Sficl udes a setting
to deliver a transient bolus of the drug to
t i : | f; .
oo PG bt ARHEAT el CD SRR B0 2o B icHan BIREbd woing the
formdyst em i ncl udes sensors for sensing the physiol ogy of
the patient and the controller is programed to

contlnu L, nistering the drug if
é’@lepﬁgg gﬁ%(gsgiﬁr/(&tﬁ%er se trend in physiol ogy
|s detected 64. The drug delivery system of claim 63

62. &é]ﬁeﬁ%?&@ﬁl of€lairh 29 AR AR Int Qlef ﬁicﬁlldk:@ Sctithg to deliver
nalntenance rate reduction by calculating t appar ent

a trangighh@dwsefdbe dmig ¢o wmpptagilyt inprgasehio theghadienits lp‘m]r Qf oy or
trend has cl eared (phyS|oIogy returns to nornal)

ed, on.the fornul are
* %Leé%“g q‘iﬁ‘é"*@/ﬁé’ &te‘Bé’l C%’P ?3 é‘hﬁ’&sysé?“é Fﬁ#‘%s \S/S‘r?é?ré ?‘Hf sensing the
physibfb%y DY HePaAtitntahd e chited|led 8prégramtica IBHiREbnEHESPAB S of
nmonitoring system (ARM. 66. The drug delivery system

admiggsteping fhe, Wﬁ%‘teéﬁed’ht’ﬁ@logyg’f ahadvgrse frend 1%&8@%8 detected.
patient response input. 34

64.  The drug delivery system of claim 63 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)

65.  The drug delivery system of claim 49 wherein the system further includes an automated

response monitoring system (ARM).

66.  The drug delivery system of claim 65 wherein the system further includes a patient

response input.
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