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from Provisional Patent Application Serial No. 60/417,559, filed on October 11, 2002,
and Provisional Patent Application Serial No. 60/432,233, filed on December 11,

2002, the entire contents of both provisional applications being incorporated herein by

reference.

Description of the Related Art:

[0002] Intradermal (ID) delivery of insulin has been recently shown to produce
more rapid uptake and clearance of therapy than subcutaneous (SC) delivery of
insulin, as well as increased bioavailability. This rapid onset reduces the lag time

between injection (e.g., infusion commanded by a controller) and patient response.
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of the insulin response. The use of short acting insulin reduces this time requirement
relative to that required for regular insulin. Similarly, use of ID delivery of regular
insulin reduces the time requirement relative to SC delivery. However, the use of
intradermally delivered short-acting insulin should reduce that time even further,
since both the response profile and the possible sampling intervals can be shortened.

[0006] In addition, even in non-physiologically based models, such as a 3-
compartment minimal model, some insulin sensitivity parameters would preferably be

generated for a patient. The duration of any such test can be shortened by use of an
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of elevated insulin levels. The result of the mis-match between observed physiological
behavior and this three state model would be degraded controller performance.

[0010] In addition, the goal of a controller typically is to keep a system parameter
(e.g., blood glucose) at or near a target value (e.g., 80 or 100 mg/dl). Because the
blood glucose level of uncontrolled diabetics is typically much higher than the desired
target level, when a controller is first applied to a new patient, there is a potentially

large difference between the current glucose level and the target level. If a controller,
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SUMMARY OF THE INVENTION
[0014] An object of the present invention relates to a system and method for

maintaining continuous, long-term control of a concentration of a substance in a
patient, and for determining the time-dependent profile of the desired concentration of
said substance, said desired concentration being constant or varying with time.

[0015] Another object of the present invention is to provide a system and method
for maintaining continuous, long-term control of the blood glucose concentrations of a

diabetic patient using a control algorithm, and for determining the time-dependent
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a single needle or a multi-needle array, adapted to deliver the material, such as short-

acting insulin, to the patient intradermally. The system further includes a sensor
which is adapted to detect the concentration of the substance, such as the glucose
level, in the patient, and provide a signal representative of the concentration to the
controller, which in turn analyzes the signal to determine the concentration of glucose
as discussed above

[0018] The system and method further employ a self-contained power source

adapted to power the system, and an insulin storage device, adapted to store insulin as
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cthacahtas atstadm estithation?).s uBrthenoers, the goatreligrpeany yblize eigher the

t ar get pr.edi ct ed.conce

%% gﬁ}? cfoBP?rﬁ ﬁo%ep %1 3 t)&%&teo g.g% ?Iﬂa%f %ﬁ/eséo%%ntratlon
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clQ2Q] | dineisten ansl methpd ean fisthes be ad%%%%% adjipsh thq onggntration
t Qfe a gu%%?a%né, sﬁ&ﬂ lebl%d %fﬁ%osgelf 212 BRGént. The system and method employ a

controller which is adapted to use a target profile of the concentration of the substance
in the patient, and a delivery device, adapted to deliver a material, such as insulin, to
the patient intradermally under the control of the controller to adjust the concentration
of the substance to the target concentration substantially in accordance with the target

profile.



in the patient, and a delivery device, adapted to
deliver a material, such as insulin, to the patient

Wo pdosaciwenal |y under the control of the contr oPCBUS2003/032506
adj ust the concentration of the substance to the
target concentration substantially in accordance with
the target profile. WO 2005/%61041 8
PCT/ US2003/ 032506 BRI EF DESCRI PTI ON OF THE DRAW NGS
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I nvention; Figure 3 illustrates an
¢eozde Biousn? iins bloak degramerfyaniexande g @ndesdinndglivery system

B TR ot B P
gbib?ﬂ‘)f Tl §eMistRtcsNAkatiple bf aviBubn deli0e§]delicguné sensing

det/ai | ed perspective view of the needle array
afevich empényied én thetsystami showhguFiguse 2; 0027] Figure 6 is a

di agr am, of X | e. [ [ ' ‘ ;

JoBesn EBREL Ao DB offle rBfite paf Bl itSfotice ghown in

nm d_3|9re$|i c]tCi Vﬁ controller (MPC), according to an

enbodi ment of the present invention; 028] ,Figure 7 .

i[9026]es Figusp s mefstaledmarpgeisvney olup ettty g e device

fas:qt ai qeg. b¥e 3,rmdel s that are able to ryerEJI i cate sw ne

! i }%lspo’nse profil es using subcutaneous (SC) and

lplwmer Weduré 603 ai Hlsck diagoel bf en pxampleadsn jue@ao{ielivery system
igure 8 include graphs which illustr e an exa elof

comlopng onods-hed ontoh PE AL fH{f S aphusng o),
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[0028] Figure 7 includes graphs representing sample response curves attained by

models that are able to replicate swine insulin response profiles using subcutaneous
(SC) and intradermal (ID) insulin delivery methods;

[0029] Figure 8 include graphs which illustrate an example of control of diabetic
patient model during and after a meal as performed by the control system shown in
Figure 6;

[0030] Figure 9 includes graphs which illustrate an example of control of a
diabetic patient model for 3 days as performed by the control system shown in Figure
6;

[0031] Figure 10 includes graphs which illustrate an example of control of a
diabetic patient model for 3 days as performed by the control system shown in Figure
6;

[0032] Figure 11 includes graphs which illustrate an example of control of a



[0030] Figure 9 includes graphs which illustrate an
exanpl e of control of a diabetic patient nodel for 3
waays/oew4per f ormed by the control system shownPETYUS2003/032506
Figure 6; [0031] Figure 10 includes graphs which
illustrate an exanple of control of a diabetic
pati ent nmodel for 3 days as performed by the contro
system shown in Figure 6; [0032] Figure 11 includes
graphs which illustrate an exanple of control of a WO
aggg&pgggﬁﬁmgmﬁqu35@@@3/032506 di abetic patlent nmodel

for 3 neals 0033] Fi 12

00881  Stisnerd nabdelesis ovig HOEEHF G P SA o replicate
esponse sulin; [0034] Figure 13 is a
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Sﬁdulmaﬂﬁlsi[oﬁ&%]veﬁugmmm asﬁdahszelaaddxyrmr ingligpielivery system as shown

illustratin | e, of ose, concentration and
|1ﬂ§lﬂuif%6allﬂf*"8§‘ab%ﬁ téfq&%]é‘?sﬁ?gnf‘&n@ldas del i vered by an
%Iu} gf X% SYHEE aﬁﬁ 1111szQM\ﬁg ahexfainlé 6f SBlucdde concentration
| ch a r anpe

t ar get as been set. DETAI LED
IBEHSGﬁ&lﬂ’IﬁI BRism TBHE VERES HRRED dlRendNENTS mS[Ué}@sd;qlwm system as

stem accor tqQ an e e invention is

BW’I m 1glﬂfeg€ g"hl‘% Erampe ?%rgv\”{ﬁﬁ% RQ{‘—‘} “Igegre 1, the
system 100 can be configured generally as a drug
delivery system conprising a controller 102, a drug
delivery system 104 and an anal yte sensor system 106.
As indicated, the controller 102 provides control
signals to control the drug delivery system 104 to
del i vqunmI&quBSGMPE‘I@mmE}I@‘PmEE@RREDaEMB@DME__
108. The anal yte sensor system, 106 se ses the | eyel

t [QOZfal v¥ @s@m ageoEdipg fo arj ¢mp %ttqfé § Ny gifionis ghown of Figures
DL g\“ g? %h(?%t? %{]%‘?o%uré '19'91‘?&4 sylsRni 160 %Qﬁ"bé QohBEurb@ZenédaBP as a drug

rofl is a reference of set point
Sd@ivaty wtedh donghrisaiges cmh‘eolﬁarub?t, d dingl deJiverheystem 104 and an

analyte sensor system 106. As indicated, the controller 102 provides control signals

to control the drug delivery system 104 to deliver an appropriate amount of drug to a
patient 108. The analyte sensor system 106 senses the level of the analyte of interest
in the patient 108, and provides a sensor signal to the controller 102. Also input to the
controller is a reference or set point signal which indicates the target level of the
analyte. The controller 102 then can adjust the control signal accordingly to adjust
the amount of drug that the drug delivery system 104 delivers to the patient 108 based
on that sensor signal and the reference signal.

[0038] As shown in Figure 2, the system 100 can be configured within a portable,
wearable closed-loop insulin delivery system 200, commonly referred to as an
artificial pancreas. Similar to system 100, system 200 includes a controller 202, an

insulin delivery system 204 and a glucose sensor system 206. As discussed in more



anal yte. The controller 102 then can adjust the

control signal accordingly to adjust the anount of
waeleag/osteat t he drug delivery system 104 del i vePGT/US20081832506
pati ent 108 based on that sensor signal and the

reference signal. [0038] As shown in Figure 2, the

system 100 can be configured‘%@thin a portable,

wear abl e cl osed-1oop insulin delivery system 200,

commonly referred to as an artificial pancreas.

Siamdil elow oths yeiteotiet Q02 peyvddesroo20al sigmelsidesntiol the insulin delivery

cPaieBs el o L parpate ameun SaRuBS, § oL 2 The insulin
28054051043, PO LSPORIAIOR5ARa1d GrdL o) cbabhwh 1fWigures 3.5

er 202 provides control signals to control the
i $zaificallyiehe needle agyy Réthindudasa plotalife pf aeeddgsptip chelt kaving a

amount of insylin.t.o a patient 208 he i.nsu {n.

B pgter gha LSttt Cuel iyl tradh B kiR, 405 fmypgermanty (0
SNAMNBry) NFbF Ethinehle, 2uéh necdeEdnf hakalal I¥ngth Rethiret@Irendy 62t or about
210 inCludes a plurality of needles 212, each havi nfg a
d0.3memde ahpiatiosh OHmmurnd erreheve pdigeetey avithin g gpage efgt or about

t atient 2 e\ rmally (1D delivery). For
e{}g%%g&to gtaocrﬁgﬁlgegg)léaﬁgg‘n have a length within the
r OOB9Pf At car babkppiecidbed bymodeosidlledin dixoatt, Tibromeadles include

and can have a dianeter within a range obf ag or abou& .
3urughIgEWith aghiamteneiiivala toat @@?ﬂf[fég’@g?} opk 3@ gRugFe and typically
a, [ e il i . di U
CHRRESUAEFRY 08 S AR Loy e e yindia
sstalchaes sivampaisedtby3iBie gaugmicranekdiogpiadd Itherefabobe of comparable

30-50 gauge whe ch t lindrical | .
R LT R G A M e

t eI IR CH OREHY &5 aWRWsdof AREETRIReDUrOUicRIBRIANDS. Patent No.
draneter and can i1 nclude pyram dal, rectangul ar,

08,829,80alt0 Gueldid] ctaalh DihdtatentiiNabi,250,¢0keles chlal, and in WO

I f th [ ' ' )
SD28ERug B ord 850 Bl Sl e i by
Pair&ehcNFurtherdiRRe, 028 céfpir@Berfttreftrs to Betidsile WAce consisting of the
97/ 48440, the entire contents of each of these

déerurab tyst breinming hewediotely belowdheeniderpis prd extending to the base of

Fyrth LD t i SSUk
CHRARGHTR, Raplt, A BB S0 5 boSHRcRap Sfosom -
beliewint heappRi:denrisl.and. exinebelowghd outtintosbslse soffacet [@ne skilled

reticular derms. On average this tissue depth is from
appthearhiilb Fgeognigs tpat-there us rSﬁlﬁlPtV&nalﬁﬁFyosa t%ﬁgﬂu - ghickiiess and

izﬁia:}tﬁgjf glr%lt&%\?\n%l H%}T%%Hﬁf@élﬁg gﬁsteﬁ lg%lq?tﬁg{dggftgolggﬁl Saetdbhifg associated
vavithadge] tdcy, botlyt dite, abdaih disaschstetenessl ather factors. In the examples
described herein, the ranges of devices used for accessing this and similar tissue
spaces can be from at or about 0.3mm to 3mm in total depth, and more preferably
<2.5 mm, with the most preferable depth for ID Delivery being <1.7 mm.
[0040] Also, the delivery system 204 can include a single needle of this type,
which may be preferable in some applications. In either configuration, ID delivery of

short-acting insulin analogs produces rapid onset and higher bioavailability. That is,

ID delivery performed according to the embodiments of the present invention



depth of the dernal conpartnent based on individua
bi ol ogi cal variability associated wth age, race,
whowg/oeiote, certain di sease states, and ot her PEDUS2083/032506

In the exanples described herein, the ranges of

devi ces used for accessing this and simlar tissue

spaces can be fromat or abodtl 0. 3nmto 3nmin tota

depth, and nore preferably <2.5 mm wth the nost

preferable depth for ID Delivery being <1.7 mm [0040]
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?%%ﬁ%?ﬁgioavafﬂggiﬁﬁfy. That ié&‘ ID 83 ?very

[O0MQ] medlsec oy afi moretod themeedleh AR vembs carifiguing asragssasing needle

i nvention WO 2005/ 061041 -11 PCT/ US2003/.03250

ArsEPin o lbatds s e 1 of e pispn eI 06&651?8&8?“%%10 can be
bHESured A5 aG¥RPRCE or kHSHd1i dlectld@E,NGhild Hhdigemhore of the needles 212
urtfAernore, intradermal insulin delivery gives

sirgoorffignaet 4sya feasingrelectrnde,dp duevide sigpalgto (herdippse sensor system
vent i | bcut h
AR SRS BRI W e flpomen,

RREPbtiok bhE biaation fbéachSsendihg needlé adth Bipbcofo thegositions and
circunference of the needle array 210

! ] . can bhe,

cuishiagionedf the delivemeicsdics shpuld hstsueh that i i?%%yéf‘y fhtheglrug, for
one, o 0 S . 161 ) 1t
Bl b TR s S GPRLm spesiar iy
SRBGAte] B yaise the c2Nberithatibn bE puggeitvel Hor gtangdsélood glucose, in the

concen LA ien Lo (e e s A0 L0 L0 e SRR s
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I'T'very needles s d be such that the delivery of )
theprdvidgd directly texthemontrollersARi nr corobised otith on eoninsred to (e.g., 18

with th i dl e' dl es’ il _
BRSPS PTaE AL B AL PEr BTG 20aryt Erepoprgyided to the
fﬁﬁhu%ﬁéf@d)f , ThE e88trdlley 203 @her Sarl AFustARd b&itol 20hal ddw@rdingly to

ucose sensor system 206 senses the |evel of the i
aavgiisy tlee ohount o insslin thahtheesubatdelivery 3psem20d dglivegse fasthg patient

sensor signal. In this exa e, 1 S i C

o PessRodh o el 'l aaReons Sf rife5ahuR HRles R can be
CEIHRIGNRM ¥ ol HouSing FOMPemest drPin( &hek worlds, a seubdricapabdelof sensing an
from a reference signal at a conbiner 216, and then.
pruplyteled intsrashean besonrsctesy top dpplatied 1 HtPelq g&tegzgzwﬂh one or

0L 75 BB LS o ML gt
sysglendRit glhirssesfitiont eatiphtemndtion such that insulin administration
does not affect the local glucose concentration rendering this measurement unsuitable
for estimating systemic glucose concentration.
[0042] Such a system 200 could thus embody a control algorithm in a relatively
simple, easy to use device, which does not impede normal activities of the user. This
control system 200 can be initially parameterized by having the patient undergo an

overnight (at most) insulin response test. The insulin delivery system 204 can include

an intradermal delivery system capable of storing and delivering sufficient insulin for



208 based on the sensor signal. Al so, one or nore of

the needl es 212 can be configured as a housing for a
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an analyte of interest can be connected to, inplanted

in or made integral with one or nore of the needles

212. Effective integration ofﬂéensing and delivery

functions in a single device requires sufficient

spatial separation such that insulin adm nistration
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st thergpniratlerR0? (e, angindighfor sienes & displayronf the syem 200), or via
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abhonubal withindhesmtod systunh 260 canbdeieemytaiailable sensors, as long
control | er. 202, sensor system 210, and delivery
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\sirte 3hd EdrRRNENE0N HRURIMapUbIE BF 8pShtiRE 1d dRrb MR &lose delivery

for exanple. [0043] Furthernore, although one type o?

suvienr 202 adipnropriatel ta iovean phset tof fyyperglycems or thesgatient 208 as
i thin the control system 200 can be one of any

avai'l abl e sensors, as long as it has sufficient

4004944 Cy Threpshiodimehis dFCtha Nnd@MioAPdiseilsSéd aBHR bre based on the
response tine, Sensors with |onger resEonse | ags may

[senesptemdapinsiples ofdetradeempldpswingicliveyyo P dphammaenkingtics and
RSB, ) ARRAPLSd b PARSHRN 2T B wic

aesuitriaaypidtonbéts Areginisiosel inathel egstéray208] StheliRsic control principle at
%&o% % %E't ﬁie sampling rate of the controller 202 and the therapy onset/decay rates
are rapid compared to the overall systém (patient and sensor) dynamics. A second
relevant model predictive control (MPC) principle is that the model embedded in the
controller 202 should contain adequate information about the patient’s response to
control inputs (e.g., therapy), and thus a therapy with rapid onset of activity will allow

more complete information to be contained within the model.



since the controller 200 shoul d be capabl e of

operating to control the glucose delivery system 202
wasoogpproepriate to limt an onset of hyperglycRei/asions/032506

the patient 208 as well. [0044] The enbodi nents of

the invention discussed above_are based on the

concepts and principles of rAfradermal insulin

delivery, PK/ PD (pharnmacokinetics and

phar macodynami cs), and nodern control theory.
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insuli’n rate or volune to be delivered) based on

?gmmwd st dlividdalizedtegting efimatiswig on hy applicaiiop € p@mﬂftityo?ﬂ-derived
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[0048] As further discussed above, the control system 200 uses ID delivery of

insulin, in particular, a short-acting insulin analog, in a physiologically-based MPC
application. As will be demonstrated below, simulations suggest that short acting
insulin, when delivered via the ID route, allows for much better control of a diabetic
patient than subcutaneous SC application of regular or short-acting insulin or ID
application of regular insulin. Model based control using short-acting insulin analogs

also allows for more frequent updating of the controller 202 and thus more frequent
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‘i‘?ﬂ?‘%ﬁ/@ BIoATR rP’V?%/ﬁwa%TE frgnies o HiaiPies ) P Thesis, ML,
%'Sh BIRh&d sboRL! Gheinisitdl hlBo hRSWs et RS atichN6t the artenal input
fer rate command variations, which will inpro

rpibﬁkbwhlchyreaﬂtj; fromgre partipulerf nqm@rt@@qhm@qhy @&y iSeor Q?)Gdehvery

aJ};%g %rlgéﬁfoidé%tﬁfnégﬁ él\é\éd; t% Sél%e’lﬁ rﬁe%c ?1)1% %ﬁg#ﬁﬂg €1t8%a model which is

eXXBY St fancsiviR RRkigMnailih fpues ISQirqble/&lspmaa whiivedrare shown
Wil mnimze the risk of
in Figure 7. As indicated, the models are able to replicate swine insulin response

profiles. For the two different delivery methods, SC and ID, two different model
constructions are preferred, and the time constants (T) involved in each model are

different. It is noted that in this example, one small hollow needle having an outlet
with an exposed height between at or about 0 mm and at or about 1 mm is used. The

outlet is inserted into the skin to a depth of between at or about 0.3 mm and at or



adverse conditions for the patient. [0049] The nodel

218 can al so enploy a mathenatical nodel which can
wa@emsietoel insulin response curves natching thPEEUS2003/032506

obtained fromID insulin delivery to humans and

swi ne. The nodeling procedure is based on the arts of

phar macodynani cs and phar maddki netics. An exanpl e of

this nodel i ng uses an exi sting physiological nodel to

generate arterial insulin response curves, which is
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"A Physi ol ogi ¢ Model A ucose Metabolismin Man and
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% Fovgl yoxngé['{gzﬁgls s SneaBted Doy t #Rhd Eﬁﬁtﬁia@ﬂkmﬂﬁld eparameters. The

struct s are preferred, andt e tine constants
Qn@}urem‘tmﬂ vogd pharrrwo]mnmmd eparaietersd |af1d e fletgrminggion sof minimally

d that in thi I
ﬁ’gé‘?fﬂﬁ SPncspiraians S%%t anﬁﬁagx%eg ngl el gﬂlt% %‘g%g%g [a(t%teg?ed are
Qﬁeﬂrﬂsd R vaR Rk eatbydondieidbn with stehdusiduteldfedninittraton such as

is inserted into the skin to a depth,of .betwe
abbuttar@oss ndmmmﬂraﬁpn oF 1%@@9‘5‘#’06‘%9‘4’15“5‘%11 In'such Comparisons, it

PCT/ U 3/0Q 508 u t

PRarETE RO, 0P RSl b St oo e

ralkemalt 196r ahd latlnﬂm@mtlc{nOﬁﬁ@]theAsefdmmm ssttc asuelml ap rsubcutaneous

Figure 7, the ID insulin deliver, owdes " npr

Fﬂtﬂanmg@@tmnrﬂ@yp]yg the pamaG Fiﬂ‘?j’ leyels, 1§’n ﬁﬁ% a&\eli concentration

p(;}a érungcag QFL theP§ dé 2d L&ries velRERI S¥efe %%m@%&ubﬁgdmﬁﬁlﬁratmn in

andar armacoki netic paraneters such

atérmé bffgmbﬁntrmndl \mslhmplpms nemit dine v rexeinple, @dwindytrationeof a given

PGTEASPELE SBPTEICE R (TP e RGP A Bh S 490 wg/mL and

plla?esm OO‘iﬁ;nﬁé?'?ﬁlhﬁfe' RRr b beRlBd of BnigaReat, @b&@ﬁablyi, B8 compared
rofil I's neant that absorption is inproved or

gtromltmmsmanqmeﬁshﬂ mmdophmwmhdrsn’a@men@whe subcutaneous space at

raneters.
pt e same concentratt]uon of 100 pg/mL and rate of 100 pL per minute over a period of 5

minutes. Furthermore, if said substance has T,. of 20 minutes for intradermal
delivery and 60 minutes for subcutaneous delivery, the pharmacokinetic profile is
enhanced for intradermal versus subcutaneous delivery. Similar comparisons will be
evident for Cp and Ty, to one skilled in the art. By further example, Figure 7 shows
pharmacokinetic profiles of a fast acting insulin (Bli Lilly Lispro) delivered by
subcutaneous and intradermal methods in swine. Intradermal insulin delivery results
in more rapid insulin uptake than subcutaneous delivery represented by reduced T,

and Ty, as well as increased Cpa. Therefore, intradermal delivery improves insulin



measur enent of pharmacoki netic paraneters and
determnation of mnimally effective concentrations
wae@snewti nely performed in the art. Val ues obP@Ei/nsm03/032506
are deened to be enhanced by conparison with a
standard route of adm nistration such as subcutaneous
admini stration or intranuscull@ administration. In
such conparisons, it is preferable, although not
necessarily essential, that admnistration into the
bR BREKiNBics! aXREoudRdnaadEriab Helatdrpdoenhet typially affect intrinsic
reference site such as subcutaneous, adm nistration,
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e n Belishsd tera SR B ROPERFALGE At 37§ g C1GS seferenced
%ggv rate of 100 L per mnute over a period of 5
A AUt es woul d, preferably, be conpared to
Joos1]st rahbeid 2o bheoted thatpinas rabupis adntenl deemprséem such as
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., an eld Crra>i Thes
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i| 0OS2) c Ddliveryi of fuidl tosdesuial Hsswehrpeghar teedlent.s. a small gauge
APRLEGEL] Oy O 11 ¥R, 02L Q8% Rar RE GLFNES Yyst@RBYSRd up sufficient initial

pressure. This pressure is required to overcome the resistant forces within the tissue.

—

Only once this pressure has been developed within the delivered fluid will fluid
penetrate the tissue space. If sufficient pressure is present, fluid will continue to flow.
Overcoming this backpressure in high flow rate situations, such as bolus delivery of
insulin, is accomplished readily by many commercially available delivery systems.
However, overcoming this pressure in low and variable flow rate situations has not

previously been addressed.



[0051] It should also be noted that in a continuous
control |oop systemsuch as that shown in Figure 6,

WO Roosasiobe necessary to deliver a material conPCTUS2088/§32506
over a w de range of rates. For exanple, simnulations
suggest that control of a Type 1 diabetic human via
continuous controlled i nsul i-d7del i very requires
delivery rates of zero to 40- 60 nmnits (mMJ)/mn (zero
to 2.4-3.6 Uhr). Animal trials suggest that 2U hr is

fOOSQ?S ORA k&h@aﬂ#@é&fan'bergaineﬁwy @bexhg w@ky dilte fdr@/ﬁmnulatlons For
unwant ed hypogl ycem ¢ rebound stil

comrlo) ssbe st 10 £9 LB (R0 UL chays)beeqyehd dayqPapl tests of
ul.in formul a
aEpe Py Pt YR e T inGe sl 1S3 fune fora iven
Ao SR ! rate Mhk NhéreMed alduthe %@néiam diglet erasbimes habdedt to overcome
2U hr). Purely Type 2 di gbetj humans general I'y
s@ﬁtmttfomﬁ%mt the isgipnidew Fag&rra$eﬁab| lity to utilize
r
AOPR, TLGRE o PLEHT S 2 et s v, o
eideigort, plaee alegpesriote distutd lﬁrorreﬁtesnwdtﬁetlp wiog tgxample, a 34G

i ncreases insulin nt 1500

SPoTIR SR BOTHERAHE %@3%@)@?&1 asiden® Wofm Wbth, can be
deld Y& ®Rvd Jomglﬁﬁf to @A 's?ﬂb’é' TheStilshé P&Qﬁ% & this side-port will
resi stant di abetes patien [ 0052] DeI ivery of fluid

tgeneteyrbk ld:SSM@ tllldm@dl;ﬁqa'in pad becavge @16 tisgie; pfethp needle tip has

S S R0 Ui B

-B?bﬁoﬁ:rﬂiﬁéH{cﬁlohﬁntbftl‘i’dlﬂlefsﬁé‘sﬁd@eover conme the resistant
forces within the tissue. Only aqnce this pressure nas
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e S f

pt} éi’t ? b 0\8 lj\iamtc'el ({ﬁe ﬁ)@g}ﬁ u%atﬁ);ﬁ] %ﬂﬁ%}ﬁ%ﬁ}g&?ﬁ?ﬂ%ﬁ ;[8 ﬁerate the

Qﬁ)‘%ﬂé@ﬁ ﬁﬁl&Wo@tllh@ délinghy il ogiveattensirteratli dis, ofsughn flaw rates allows

bol us delivery of insu]in, a I h di .
raRgreB St HiAAT PiPSsayeh VEBIR e B Y STy Sy e Svercorhe e tssue

;#9‘6@ Gleurd Xse EARNOHOL S ERP &SRS hhtt {HRWnAAsk NAW kA8 6f about 4
ra

e si uatlons has not previously been
aglitreliteatninV\Gsiaf 0520 6iddih add IPCHitiB2083IveB2 508119 E88] provide

?&eﬁ&%’té%@%@ X g‘(pgl% al n}?vgm c{ ngllsg% repvqeaélt{lf%reﬂ?d ledven when

ofunfdtht helh@fl’fdﬁ%ﬂ ckt28d 1inficFidr iRl 0tneifilies.00ne example of a
d|a etic sSwW ne his dilution translates to a 5-fold

i ceerséalliynaviailahld puoiputiret ¢asr beyusggidvierachisye dhpse rafer is thgd’egasus
g&g{l@gars}%l ablglﬁlrjo%e hgs?ec%rsatlor%orql (ﬂegfegﬁle@ 1§ AV e .41 %QLEQS bPabout 20

psi. and flow rates from 0.01 to 15 ml/hr, or 10 to 15000ul/hr, or 0.2 to 250 uL/min.

[0056] However, generation of the short duration high flow rate pulses will by
necessity result in some cases in small total fluid volumes (e.g. 1 microliter). If the
delivery system is able to absorb the small delivery volume by virtue of elasticity or
compliance, then the high pressure wave generated during the pulse will not impact
the tissue, and no delivery will take place. Air bubbles in the system are a source of
compliance, so a system which eliminates air pocket formation will have an

advantage in delivering small fluid volumes. A simple means of obtaining such a



resistant forces wwthin the tissues at | ow dosage

rates. [0054] Anot her advantage can be gai ned by the
waisedoefosneedl es with a hole, or side-port, pPerEs20881032506
appropriate distance fromthe needle tip. For exanple,

a 34G needle sized to penetrate the skin 1.5mm (1D)

with a side-port at 1.0nm deptdr, can be used to

deliver insulin to the ID space. The tissue pressure

on this side-port will generally be less than at the
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qm‘Bierre Fohe driig sleBverp agitpmedtsmpting do anaintainskigh dlackpsessures, it

OBy b FREHGISFONS (orirg: DBREtf PO & I gale amay. Muls

dgleliice ﬁﬁfa?s‘)%% Ry &AL b QelinetRpU #rEe CRANE r @Wlu@Bé because the
mai ntai n low into | ti ssue. Flow was nmi ntai ned even

Mmmgememtadlstmutméhatl\@lw pvesray laggey aten obtheeskin. 1A single needle

ﬁ%g!P I@%lgﬁgl}t@gneg{]}g ff? e\%g%%p%w ?%ig/gg}rl]g%g fat daln{enes because all of

atthels fitemiphasereriatizsctébtotaindhegpatiisg. punp, avail abl e
from I nstech Sol onon, designed to deliver 0. 4ul &,ﬁ' ses
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eleia%{?’l@%? 8 sAhdtioRQeHeRs c&ﬁ’ﬁﬂ@ﬁé Bty Yatkd, Wirsteman Vary from zero to tens
adva gﬁe in delivering small fluid "vol unmes.

rreﬁmscr etsm@nh@ungn@u bh providd200 Byngaxepieds of gme. Onggllﬂlled in the
UTROGRARE SRET TR BT T g ggmimns
low rate delivery.
[0060] Figure 8 includes graphs which illustrate an example of control of diabetic
patient model during and after a meal. The patient model is forced with a 50 g meal,
starting at 58 minutes. The controller 202 (see Figure 2) commands either
subcutaneous (SC) or intradermal (ID) delivery of Lispro to the patient 208.  The
sensor has an internal delay of 1 minute and a first order time constant of 1 minute. In
this example the controller has a sampling interval of 5 minutes, error weighting is 3,

output move weighting is 1, the number of model coefficients is 40, the move horizon



i.e., by gluing the end of the tubing directly around

the needl e or needles. One can al so construct
wore@baeiognl connecti ons whi ch mai ntai n const anPCT/US2003/032506

di aneter fluid pathways and elim nate "dead space”

where air pockets can be trapped. Low conpliance

tubing, which will further erl®ance performance in this

respect, is known to the art. [0057] For a drug

delivery systemattenpting to maintain high

haokiegs Wiedictibl hoflBon Re2adVianiRgeAUBast@ dnStheast@idagl meal of
needl e rather than a multi-needle array. Milti- needle

drehangs and Dengoati%gbous for delivering | ar ge fluid
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mcroliters woul d be required
T anss fopderatime monétaﬁmeﬁé mames Inithisoexaulpds dhe rcgﬁinb]éeg; 202 has a
could result nopentary over]oading of the ti
Sompling TRgaL R GO Yo YRR e cBUborE MR Ene is 1 the
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ulse profile should take account of the fluid
ab 80ofTjht nomalsrame basedfontthe stardard menldofdiehprantand Deutsse (Y993)-

tr@P%Of f l owéﬁ') at{‘? %h% aq)qgrvgttflglgﬁ%lg{ratggg (?Q%uﬁg{% i c%ﬁtrrcﬁ oé' diabetic

;%Entcxﬁﬂaél Qluriy $he Mites a Msal. OTke paicafplodeDis farced twitht 4 60g meal,
where continuous flow rates, which may vary from zero

tegertinp ot S8fmimutasol The ﬁ@ntﬁ%l@r RB% ,conmpggfis sEhe SPeri@requs (SC) or
| h
OE?%{%@@ ﬁ@ ({geglxé ttgkti(}% }g)ﬁgeﬂ ?Sg terl% ?)éfphl gefsse%m .3 minute

C&Bﬁé}dlsudddbd @ tige Ektrlsﬁhu Oulﬁut {ooskmuBitee mdﬁlutameasqs o6 Oﬂleasurement
Fi gure 8 includes gra phs whi ch |Ilustr te.an

T eesmenighasam B et Orda OR CORBHRI oL G dh I Grerample the
o'H?I% ler TCa g@l&i%ﬁﬂ% 1&91‘1’%11,ﬁf § iR Mbit Qle%hﬁﬁg Qs @E%htput move

artlng at e controll'er 20 sée Figure
2)veightimpizdls tles hinaber cfuhoddd aoefficisnis SCH0,ahe nmvcé@ezmals 2 and the

(I1D). delivery of _Lispro to. the patient 2

SRIAiGHO AOTIZPN 1% 2oy |ma'fé| igypased Py ﬁﬁaél%ﬁrrﬁldmﬁa]r of Lghman and

ng@gdiygngonstant of 1 minute. In this exanple the
controller ‘has a sanpling interval of 5 mnutes, error

WOQ6B] nFigwe 31 llmllltmtgrnpi\seWthlHuattrvge jag qg(ampl,@ of control of a
V\%ng%%ﬁ%lg%%%helcfg E meals: The pa%le moden L& QﬂB'S%)?aS, and 50g

meals. The controller 202 commands either subcutaneous (SC) or intradermal (ID)

delivery of Lispro to the patient 208. In both cases, a 30 minute delay is added to the
sensor output to simulate subcutaneous glucose measurement. The sensor has an
internal first order time constant of 1 minute. In this example, the controller 202 has a
sampling interval of 10 minutes, error weighting is 3, output move weighting is 1, the
number of model coefficients is 40, the move horizon is 2 and the prediction horizon

is 2. The meals are based on the standard meal of Lehman and Deutsch (1992).



-19 PCT/ US2003/ 032506 is 2 and the prediction horizon
is 2. The neal is based on the standard neal of
waedwsmeioand Deut sch (1992). [0061] Figure 9 i neCT/USR03/032506

graphs which illustrate an exanple of control of a
di abetic patient nodel for 3 neals. The patient nodel
is forced with 50, 75, and 588- neals. The controller
202 commands either subcutaneous (SC) or intradernal
(ID) delivery of Lispro to the patient 208. The

64] haswRN 2l {AtRAE 3tapHs kaictoflludtrate ik encaieth ara ablerts treplicate

rder"tine constant of 1 minute. In this exa Ie,ﬁ@ihe .

buman cdspense 20cfilha oransubiampblor mydelingly 4evsEY, ToeRp lgldelivery
error weighting is 3, output nove weighting is 1, the
Hﬂﬁﬁﬁ?engﬂﬁﬁ%l coefficients is 40, the nove horizon

{60857 rikhe 1 B4 ableqNudtering eRamplss Af clobel lvepltserapies that can
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Cheosqtegon oy SRR ik SRE AR R8T knowm i
208.r¢ hix<bRt BrfRaRar). @ 30 minute delay is added to the

sensor output to si‘nul ate subcut aneous gl ucose
[{00S6] enAntcan bEhaprsemated fteas tznabavee tieafomtiol siyclgrhepld be fast
time co

nst ant 1 m,nute. .ln thi
s b etsodunheingo sl ebOlif o REP e hP&L and frequency of
lyGiBlidgREl bivashreRuitd Whd TRY €apidifi @ithiwigich Shekapyt hffects physiology
uimber “of nodel coefficients is 40, the no

pve horj zo
jase 2ingpegtatrh efor peasiodt | oForh GKAmBlS, | the 2 compmatien| Oﬁ'l ssugcuta“eous
based on the, st.andar d f
Fagasr b T e e g B RN epflied performance

i dt| HSd kb Sampliny Fraeuendyi Huwdven| thefensboditherietdescribed above can
pati ent nodel for 3 neals. The pati Ft qﬁdel i§ forced fFID
vivereos®, thy GeficiprriemRy sugk aystemsrapd sl file Forp) vie the se o
comuands el | i RGR AR hot(hBluded i
GREVREE pv8h e RBEEERE Ayl du e MR e ot Eluded in 2
am38el Ndybehe tielcaybadimeantsleldsdribed bove emsble matepsiableocontrol and

si mul at e, subcut aneous gl ucose neasurenent. The sensor
haighetPerfoRpgcRal first order tinme constant of 1

TRBFL A5 L SR fondlie 801 d 850,808chambliments o the

Interval of 10 mnutes, error weighting is 3

oinlventtonmoaneiniite lanil ovide Tontimwus rinstier therapioiiied diabetic patient
(p:}(l)é]gé I@f %:lggptdﬁ }ﬂiofaz %%’tentq,h gpeg%gll}b oorniezgrplplio%n% QrﬁohaeBased Control
(MBC) or more specifically a Model Predictive Control (MPC) algorithm. A MPC
algorithm evaluates, at specific time intervals, current and past glucose levels, as well
as recent insulin delivery history to compute an insulin dose which will bring the
patient to a target glucose level. Computation of that dose takes into account a model
of the patient's pharmacodynamic (PD) response to insulin and the desired future
glucose target. The embodiments of the present invention use the MPC algorithm to
set the future glucose target in such a way that the controller (e.g., controller 202

shown in Figure 6) can be initiated when the patient's blood glucose is arbitrarily far



Is 2. The nmeals are based on the standard neal of

Lehman and Deutsch (1992). WD 2005/061041 -20
wERIDSOEDO03/ 032506 [ 0064] Figure 12 include gre@iEs2003/032506

which illustrate that nodels are able to replicate

human response profiles for insulin. For nodeling ID

delivery, three parallel del-3lery routes are

preferred. [0065] Figure 13 is a table illustrating

exanpl es of closed | oop therapies that can be

R&/al O gRdinRYtafd2e viiR! fimisdigne the ddc@uiéebof hipoglycemia. More
particular. Al'so, all of the systens_ described above
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18 Lt e 3R LSS RTR hRBritis of e
%ﬁgﬁ@ati on of subcutaneous neasurenment and delivery

i'n a nodel ed control system shows degraded performance
d00GRler The detanfor ithey tai g qarmpoopn dptimallsrbe wrgen into the controller

enbodi ment s descri bed abgve can  _over :
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Vitghst NBe Usitifled ot AHLY VIRAsY infEdRation| abbgt kheriviahiel ofisthe target
of subcutaneous neasurenent are not included in

: . , a
rsde¢nteafion ginthe Reeserauerettalsalbasc fpantign apeviehspyatues of the
nor e. st abl Qntr d ' 0 e
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MBRSTEe B GRPAT heaoi Y B SAREY S - prescton
ah@tront m%?vpﬁﬂmﬁﬁs sctting eqeled dptimizedresing thersagiegyatient PD data as
current and past gl ucose vel s S Il .as rece
ek el IR e e bguRb P ngRe rorefler ST

P 1 ThePbiitdoBE atBffcdeBy dsdnd 4 §58HSd Ghid6096cording to an
| eve o}

vel. " Conput at | of that dose takes into account a
nadkbddiment of the present invention can be appreciated by comparing the ramped

target technique to other techniques. An alternate mode of operation would be to set a
new flat target value at each computation interval. This would be the only option if,
for example, a proportional integral derivative (PID) controller were being used which
is not designed to consider future target values. In MPC, the current insulin dose is
computed taking into account the predicted patient response and probable future
insulin dosing. If the future target value is "flat" at any computation interval, the
computed present and future dosing will be different from what would be computed if
the future target value is ramped. This difference could lead to a slower approach to

the target than could be achieved with the ramped target.



of the patient's pharmacodynanic (PD) response to

insulin and the desired future glucose target. The
weredsdsrent s of the present invention use the RMPZUS2003/032506

algorithmto set the future glucose target in such a

way that the controller (e.g., controller 202 shown

in Figure 6) can be initiated2when the patient's bl ood

glucose is arbitrarily far WD 2005/ 061041 -21

PCT/ US2003/ 032506 away fromthe target while

E@ﬁb_@ézi NGhote aBERUivEREEIdHe oyaadlgaiadge Merp@rmissible rate of
articularly, the MPC algorithmsets the ta
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aotd fistlyvaite bher timepThe corent shoisd afdefieryclimits gppldrprovide the

fornul ati.on. Thus, the cont,roller n .
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CRRALODPMWIBY a2 BRA difvkezaal The dhte drbefrdrher el iespetisent on a
whi ch mnimzes the djfference betwe ! t he predjcted
atigbatisrnist RebivennvasbispiesU K0 trough; O A POl bjepnroller

L@e%p o%grbﬁéljd’f%g iﬁg{t{aﬁeﬁr\viﬂ‘f‘a ERPR VAl 180 nSSdl iRlis %ﬁ‘lﬂgple. The

ptimzed usi e sane patient PD data as wou
bigitiss egdlut@sededlas niaze 286 engidil eTharmutrdlleh 206 generates the highest

controller is built. 069] .T d [
ool 0S5k T R RRERs G kg
E Eg)‘fﬁaﬁz ggé'ulje M\sefokRNinfBRoR @ f FBRESCvith 8 raMped OSest grget. The

target technique to other techniques. Ar
adl4te rana tieonmmdeontifol epperanénd ronvaulisbdtis pis. Bstivery WaspLispro U100

M%ﬁgﬁﬁ%\fg% %{9 S%ﬁ%ikl]? gl%l%lrjtsgtt. | rc‘:oht%l%r%@[g:, cg-ll?tirgller 206) is

initiated with a target value equal to the initial glucose value of 209 mg/dl. The target

is ramped to 160 mg/dl over two hours. The controller generates moderate delivery
rates, which result in a smooth approach to the final target.

[0073] An alternative use of the embodiments of the present invention discussed
above is to limit the potential for hypoglycemia after a meal. As glucose levels rise
sharply after a meal, the controller (e.g., controller 206) will respond by increasing
insulin delivery. A "naive" controller will ultimately keep average glucose levels at

the target value, so any hyperglycemia will be followed by a period of hypoglycemia.



for exanple, a proportional integral derivative (PID)

controller were being used which 1is not designed to
w@omwsiogwrnl f ut ure target values. In MPC, the cuPCENB2003/032506

insulin dose is conputed taking into account the

predi cted patient response and probable future

insulin dosing. If the futuré3target value is "flat"

at any conputation interval, the conputed present and

future dosing will be different fromwhat woul d be

Tﬁg%tffegpcdnfbe Srbatf Mlitled biyaisifihg ViRl texifuint ﬁaﬁ@sﬂmsﬂlm delivery as
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maxi num val u controller initiation, the
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ICl van age o
CRALEDIH @k Tsllephg Riazas.i on abilities. [0071] Advantages
of the ranped target technique can further be
appreciated from the graphs set forth in Figures 14
and 15. Specifically, Figure 14 shows initiation of
control with a fixed glucose target. The data are from
a control experinent on a diabetic pig. Delivery was
Li spro U100 through a 1.0 mm 34G needle. A controller
(e.g., controller 206) is initiated with a target

val ue of 160 ng/dl in this exanple. The initia

gl ucose value was 246 ng/dl. The controller 206
generates the highest permssible delivery rates,

whi ch cause in this case a hypogl ycem c epi sode.

[0072] Figure 15 shows initiation of control with a
ranped gl ucose target. The

[l



data are froma control experinment on a diabetic pig.

Delivery was Lispro ULOO through a triple 1.5 mm 34G
woe@dloelosnf usor set. A controller (e.g., contrpCT/882003/032506

206) is initiated with a target value equal to the

initial glucose value of 209 ng/dl. The target is

ranped to 160 ng/dl over two2Mours. The controller

generates noderate delivery rates, which result in a

snoot h approach to the final target. [0073] An

ViR HAkinkg jsise of the enbodi nents of the present

invention discussed above is to limt the potenti al

for hypoglycem a after a nmeal. As glucose |levels rise

sharply after I . r - Lb @t

206) YN g}bsg%n%%yconth%ﬁm%oﬂg c8£<!e?1¥ra1lgéan 8f 2 sEYMAR i §hatient,

Increasing i1nsulin delivery. A

'm@gyg@'fn &ﬁﬁgﬂgmg;er will ultimtely keep average

gl ucose levels at the tar(%@té val ue, . Eo @)gy :ent intrad Iy t

hyper @ debigiy=dayiqe) adrpiqdsio| dshixer Hinpateriseiq B pgfent mntradermally to
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meateidljandat e of insulin delivery as discussed above.
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romchmt it 4 adaptbl e feeceiol thecleliveiardsbigedo gppiol an amount

creating hypogl ycem a. Res ' t
qoarraepyTvrpa By aainE bbiddthe LhGLRE!of3AR sifstance
gl ucose concentration data. The new target and the

tinme allowed to return to the final target

(" nor gl y B systemeefelym Hathsi¢iined by anal ysis of

the patient i ks il 15 SfMelRiery device t
i nfor nsﬁ%(fgé}nﬁ?va@&%%%ﬁ&%goe %jg%%k‘:%lgrb&g%gr ate th% ry deviee 1
Oduit@thatdally Bb@Fdlahe dalivety devidehe control | er 206. [0074]

Al t hough only a few exenplary enbodi nents of the

present invention have been described in detail

above,; tho ' G i1t PeviGbinW || readily

appr ec3|'at es?]ﬁe;%vs{elrnlgny nDdP’fi catlinons are possible in

t he exsaithl esntrodleb optionites s saiilt loatiut mas efifeniafion  relating to  the
departing fromthe novel .teachin nd advant .
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invention as defined in the follow ng clainms. W

2005/ 061041 -24

4. The system of claim 1, wherein:

said material includes insulin and said substance includes glucose.

5. The system of claim 4, wherein:

said insulin includes short-acting insulin.

6. The system of claim 1, wherein:

said material and said substance are the same.



What is clainmed is: PCT/US2003/032506 1. A systemfor
controlling the concentration of a substance in a
wWQatoseeto4l t he system conprising: a delivery deeT/T82003/032506
adapted to deliver a material to the patient
intradermally to result in at |east one of rapid
upt ake of said material and-Z2apid clearance of said
material; and a controller, adapted to deternine the
concentration of said substance in the patient that

occurg in FesRARGS of BlafinidwhBleas:i al delivered to the
patient, and to provide an output that is adaptable

bl
for usedtdslivenytdeyicetdommtisps ¢ simglajpsadicearsy ehpiiyi-ngpdle array,
anoun . sai d terial, deliv e patient
Bﬁ%&%‘{ ?S’rfglilﬁ%r S@Bjrfggtﬁfl?la it%enpa&]fenggl?rgd%rgﬁgp ance. 2. The

systemof claiml1l, wherein: said controller is adapted

to provide said output to said delivery device to

aut omat i calThg sygemsiclaimd , Gethey eorgddgce. 3. The

system of cl ai , L.A; i ¥ ' :
oxi o Gueptt RleMleiig BEF o oSt hoadn BPHE BN, R e paicnt
@80 a8NEHRide an sighalsAiditatiub shaeaafetonkiid fronollaaddiitte if edapted to
use i n manual adjustpent of said. Hg’?l i.\F{erB/tdevi.c tot. ;
ianplysesaitsigaip gpteraing e eARRENtEAtORQL &P SFUSHICE 1 Hig patient.
patient. 4. The systemof claim1l, wherein: said

material includes insulin and said substance includes

gl ucose. 5.ThEngstsysifelaimts,therem:4, wherein: said

insulin, jncludes short-actjng i.nsulin. 6. T
of cl aPHh $enSRh LY éﬁiarP?edIs 19 ?eﬁﬁg é%’lﬁa‘f%nlg%nér agl ar sfﬁ%fs gﬁ%%nce at a
ab&atiol€inS &8 -paiéht2 A8/ AR( @ddtrolRp iPGEHApISR 334k ABRR0GIT signal to

The systemof claim 1, wherein: said delivery devjce .
castipates eaid acosicenjrasion eefisaid asubsipnes ah angiber lpgadignein the patient

S(gf?%:m ﬁgﬁtas%glggﬁ;ahﬁpﬁag %V%Yc%rsafﬂegs&%te%%{eﬁlsaﬁl‘%oﬁ@&tration.

10.  The system of claim 1, further comprising:

a self-contained power source adapted to power said system.

11.  The system of claim 1, further comprising:

an insulin storage device, adapted to store insulin as said material for delivery

to said patient.

12.  The system of claim 1, wherein said system is portable and wearable

by the patient.

13.  The system of claim 1, wherein at least a portion of communications

between said controller and said delivery device includes wireless communications.



8. The systemof claim1, further conprising: a

sensor, adapted to detect said concentration of said
w@ewserode in the patient and to provide a siPOEIUS2003/032506

i ndicative thereof to said controller, which is

adapted to analyze said signal to determ ne the

concentration of said substan¥e-in the patient. 9. The

system of claim8, wherein: said sensor is adapted to

detect said concentration of said substance at a

| ocatipn i NTisAéEteRabf eim $2Reheséth Gt st & pbitdh dfScommunications

adapted to analyze said signal to_ estimte said .

chsitwesnt saifli emtofles a5ai Sehwr sande saf delyeredeyise dnrlydes pvireless

th J different fromsaid | ocation at which

§§ﬁggseﬁ§g%&detected said concentration. 10. The

systemof claim1, further conprising: a

sel f-cont ai ned power source adapted to .power said.

syst endd-11. Ththesysigay of leim| 4 rwhqrelfluﬁlﬁef:org Fii§i adppted to
. . ' L n . L

Lo AR, TR IFGERIER of EPEEG! & R BbpSkidTRTeen the

symiteitendndcdt ddant dhe oftiey phtensaideh lsgadth eareipgoydert abl e and

wearable by the patient. 13. The system of claiml1,

wherein at |east a portion of communi cations between

sai d controfheryand setlifel, i WRENindeMd CRNtrBREUe@Bloys a control

wi rel ess comuni cati ons. WD 2005/ 061041

POOAYSRO0aY 1082 B0dysipR gically Pasedsyedebm of cl ai m 8,

wherein at |east a portion of communi cations between

said controller, said sensor and said delivery device

i ncl udgp W TR¢ @§§emCOMBARhCRL WhBRin $8d coaGoHySE@PIRE a control
claiml1, wherein said controller is adapted to

coefelthededudgstarata brsod empiisekmgdelof the systemto

relay informati on between the controller and at | east

one of the patient and a health care provider. 16. The
system®f ciras syslem vhelbien h, wh¢rdincontrol | er enpl oys a
control . node] that includes, a physiologically based

nodel . sai¢ matgrial wghidgsingplng prd ?ﬁl‘g su %}rlﬁﬁ@ﬁ? éucose; and
cont r ol Jigr {41 Qbrith AP ontgad a bREMUNRS) oncentrati
dat s bASEGORERCR Yihpfort Ul Bbrith P Conlg¥ 0 pREGKAREy Boncentration
of said glucose present prior to said delivery of said insulin to a target or predicted

glucose concentration, to compare a post-delivery concentration of said glucose
present after said delivery of said insulin to a target or predicted glucose
concentration, and to determine an appropriate insulin dose based on these

comparisons.

19.  The system of claim 18, wherein:
said controller employs a control model that includes a physiologically based
model, and said controller adjusts said model based on the comparison of said post-

delivery glucose concentration and said target or predicted glucose concentration.

20. The system of claim 18, wherein:



18. The systemof claim1l, wherein: said material
i ncludes insulin and said substance includes gl ucose;

w@p@sseiodl control l er enploys an algorithmto cPOPES®0OH032506

pre-delivery concentration of said glucose present

prior to said delivery of said insulin to a target or
predicted glucose concentratidn, to conpare a

post -del i very concentration of sai d gl ucose present

after said delivery of said insulin to a target or

predi ctad cotttoties empys aaidhiral mede] thadntladebed @dtaibaseda@mpirical)
appr.opri ate |nsuI|n dose based on these _ conpari sons.

@Odﬁﬂh and; said gpnigelles |adiysisisad medelehased enithe egRpPFBORAL said post-

)éﬁ%)lglc(gsg :Ef)ﬁ&éggg%? %?4 ta}%‘f hygl%alg?ed O%ucos cqueentration.
adJ usts sai d rmdel based on the conpari son of sai d
post - liv uco concentration and said target
or pregfctegﬁéﬁ%%@%gfgﬁﬁ%éhWﬂﬁFmbn 20. The system of
claimdfy whal eﬁﬂiakeV\Qsz%ﬁ{eﬁé&io RCTH P29 0hARamPfinetics and

-27 said controller enploys a control nodel "t hat

i pldrodeslyaaniis pefiiet od sgidmpaterialal )  nodel , and sai d
controll er adjusts said nodel based on the conparison
of said post- delivery glucose concentration and said

target2pr paedithbedorddoneOaR GRS eMbch@itidof Zdubstbin€e in a patient,
s stemof claiml1, wherein: said rapid uptake is

Iﬂﬁﬂwﬁﬁpﬂﬁﬂ%ﬁgDK/PD (phar macoki neti cs and

phar mag %{j&éﬁﬁ% %' rﬁﬁﬁ)eflglf {oeﬁh é)oaﬁef?t in ?E%{’n%gk Q{)) fre%&zt' inpht lease one of

met hod tor contro concen

stipid wtales ofisail paktignind rapill elermtnb@ df efdiatedial)@nd

dellverlng A material to the patient intradermally t

r esul t d¢tRpIngdhe copgratigtion .055@16 sypstamcs 1grthe pafent that oceurs in

g Sdseho Qs[‘@n{??e?iafidé’l ved A0 tfe ﬁzft%eﬁ?'aﬂgl material; and

rmning the concentration of $Sal substance in the
pat i enproivivhihg e cuntysutithat isesjaptable foo wsaitd cvatrel aalamount of said

del j ve patient; and rOV|d|n t that
giaaeala[ﬁfgme@dftaﬁl cpopAseh PR H1e coRceRgaton oaffaui Kihgtance
material delivered to the patient based on the
concentration of said substance. 23. The nmet hod of

cl ai m 23, whhe miethod of claim 22, wherein:

said providing provides said output to a delivery device to automatically
control the delivery device to control said amount of said material delivered to the

patient.

24. The method of claim 22, wherein:
said providing provides said output as information relating to the
concentration of said substance which is readable for use in manual adjustment of a

delivery device to infuse the appropriate amount of said material into the patient.

25. The method of claim 22, wherein:

said material includes insulin and said substance includes glucose.



said providing provides said output to a delivery
device to automatically <control the delivery device
wo o00soetornl sai d anmount of said material del i vP€PUS1003/032506
the patient. 24. The nethod of claim 22, wherein:
said providing provides said output as information
relating to the concentratioRdS8of said substance which
is readabl e for use in manual adjustnent of a
delivery device to infuse the appropriate anount of
sai d npé.eri The metipdtdfelapatdsewheredh. The net hod of
claim 22, wherein: said material_ includes insulin and
sai d stidinsRbR nchides shast-getmedasiliogd 2005/ 061041
PCT/ US2003/ 032506 -28 26. The nethod of claim 25,
wherein: said insulin includes short-acting insulin.
27. The7.met helmefhodl ficiwid 22, wheredi:n: said materi al
and sai d substance are the sane, 28. The nethod of
clain1%ﬁ@nWﬁgﬁzﬁﬁi“@%W&”H@F?W@Fh%ﬁm%%ep i ncl udes
operating a delivery device conprising a single-
needle or a nulti-needle array to deliver said
mat er i 8. t oThémetiamdi ofiwiaimrA2; sdleremml | y. 29. The net hod

of claim,22,. further.c ri sing: sensing,said .. )

o oncentatyere' L5 webBE pitadia 7 SHRD 48t pouprising  single-
PLEYAIAS AmuRi-Sdle drfit6 AbLivE shidehferialwb iebatientiafEddrally.
said deternmining step to anal yze said signal to

deterni ne the concentration of said substance in the

pat i envy 30y, The st ad8oChalll 28, hlissel n: sai ¢

sensi ng senses Ssal concen I on OT1" sal subst ance at

a | ocakdmeihgi daids abritenpatidreof saidnrdbsaicd idahepatigitngd to provide a
anal yzes said signal . to estjimte said _concentration of

s signalandisatriectherspt WhishHe psadoaspidatetsrmining sigattp @pelyze said signal

di r b [ | .8 sensing

st e e Rl PGBl PR e B OF"C1

22, further conprising: providing power to a system

that ig adapted to performsaid delivering,

det er rrgﬁ-i ng%jiﬁaleb?%\ﬁfrd"ﬁaﬁ@ JHErEEi ng a sel f - cont ai ned

POVET  3HH'sEfsing senses said concentration of said substance at a location in said
patient, and said determining analyzes said signal to estimate said concentration of

said substance at another location in the patient different from said location at which

said sensing detected said concentration.

31.  The method of claim 22, further comprising:
providing power to a system that is adapted to perform said delivering,

determining and providing steps using a self-contained power source.

32.  The method of claim 22, further comprising:

storing insulin as said material for delivery to said patient.

33. The method of claim 22, wherein:



32. The nethod of claim 22, further conprising:

storing insulin as said material for delivery to said
w@aiseeto41 33. The net hod of cl aim 22, wherei n: PANDUS2003/032506

2005/ 061041 PCT/ US2003/ 032506 -29 said delivering,

determ ning and providi ng st e&i are perforined by a

system that is portable and-wearable by the patient.

34. The nethod of claim 22, further conprising:

communi cating wirel essly between a delivery device

that peaid esiikering) detedi@hingedndngrosideil aBpk BreCutfdi®kd &y a system

that perfornms said determ ning and providing steps.

3that iy pertahde Aetiwetrablediyithepatiantir t her conpri sing:

communi cating wirel essly between a delivery device

that perforns said delivering step, a controller that

per forym sarlk gethed i blalg 2afirfhecsontbrisingst eps and a

sensor that perforns_said sensing sh?eﬁpr. 36., The met f110d .

of cl afqmmpnicating merelesslyp Petsiesry: & dsmiveryi €8¥irhighsti perigpms said

G W bt Comler BE LR Bl RSB TRG 50 Phoyjdin steps.

|nfor mat i on between the system and at |east one of

t he patj ent and rovider. 37. The method
of cl a%sén 22Th &’Qaﬁ?éfﬁlﬂ%ge‘@&ﬁ’i MRS %p enpl oys a
contr °J:mﬁ99ﬁ'caﬁr@atmiré?é‘§s %@tvﬁeeﬂ hy sdeBkv 89! @avity tﬁ@ts Békforms said
nodel . 38. The rmethod of claim 22, wherein: said
ndﬂlenenag stepcd c@émlhenﬁwk perfenms il deteiningod provdfingsteps and a
tﬁ ¢ ntd determ ning step enploys an
afeg%?r #iRer 8”’8%?&5%?%1531%3 @-delivery concentration of

said glucose present prior to said delivery of said
insulin to a targ1 or predicted glucose
og

concendé-at i She metod pislaia 22, Prkier eRmprang; .
conce n&rﬁﬁlp&%aﬁ)ﬁ $akf a %%@8{9 S(ﬁlttﬁﬁee %%n{hea%}; s St‘ﬁhtd performs said
delivery o & insuld 0 a target edi ct e

gl¢lbeaiag, dsraiihs ahi providing steps d@trﬂaymtferrmnon between the system
approprlate i nsulin dose based on these conparisons.

39nd atleashenarfdhepatequs awd aBealfifereRtRYId9H 2005/ 061041

PCT/ US2003/ 032506

37.  The method of claim 22, wherein said determining step employs a

control model that includes a physiologically based model.

38. The method of claim 22, wherein:

said material includes insulin and said substance includes glucose; and

said determining step employs an algorithm to compare a pre-delivery
concentration of said glucose present prior to said delivery of said insulin to a target
or predicted glucose concentration, to compare a post-delivery concentration of said
glucose present afier said delivery of said insulin to a target or predicted glucose
concentration, and to determine an appropriate insulin dose based on these

comparisons.

39. The method of claim 38, wherein:



-30 said determining step enploys a control nodel that

i ncl udes a physiologically based nodel, and said
waeomsneloker adj usts said nodel based on the cOPEHUBR081032506

of said post-delivery glucose concentration and said

target or predicted glucose concentration. 40. The

met hod of claim 38, wherein: -88id determning step

enpl oys a control nodel that includes a data based

(empirical) nodel, and said controller adjusts said

nmodel  §aé deteaniniiestepemploys @kofirol Haded tin Shcla®dsi asHyiologically

gl ucose concentration _and said target or predicted . )

gbased seodel gnd saidreonfraHer agjustsrypid W@%ﬁb‘éﬁssql og|th¢ gemparison of said

V‘gﬁsrt—%%ﬂver al oy do@P! QOlgc%‘hﬂ orl Sahd!f L%H&n‘%ﬁ%etby?la Ellgdﬁ:lped glucose
(pharmacoki met1cs an phar macodynam cs)y effect on
seomdenmpdtioni al . 42. A system for adjusting the

concentration of a substance in a patient, the system
conprising: a controller, adapted to provide

| nfor mgg | OnTﬁéﬁfegf%aﬁericﬂﬁ!ﬁn%SP{vﬁEﬂehﬁ of target

concentrati ons; a delivery device, adapted to-
del i vesaid detereming step ¢hplopaitai emtrol moded éhateinkpdesiadiata based

the contyrol .of the.contrg]ler. to adjus he .
Bt og: a7 5 Sahlen b s Bpfgion the comparison of
C941¢ epdst-abliviy SpRséRNthbdehifatich aGEOEHANGEzM bh grb@icted glucose
profile. 43. A systemas clained in claim42, wherein:

t prcsRfdioance i s bl ood gl ucose and the materi al
includes insulin. 44. A systemas clained in claim42,
wherein: the profile includes a plurality of target

concentt.at i Ohs neveid dfichem 25whéreyst em as cl ai med in
claim42, wherein:. WO 2005/ 061041 PCT/ US2003/ 032506, .
-31- t pd prapid | wptpke rlgpinlispeshity s BKED e(thaynargkipetios and

WF@?%&},%&%) off88 onAaisiigmas claimed in claim4z2,

42. A system for adjusting the concentration of a substance in a patient, the
system comprising:

a controller, adapted to provide information representing a profile of target
concentrations; and

a delivery device, adapted to deliver a material to the patient intradermally
under the control of the controller to adjust the concentration of the substance to the

target concentration substantially in accordance with the profile.

43. A system as claimed in claim 42, wherein:

the substance is blood glucose and the material includes insulin.

44. A system as claimed in claim 42, wherein:

the profile includes a plurality of target concentrations over time.

45, A system as claimed in claim 42, wherein:



the delivery device includes a single-needle or a
multi-needle array. 47. A nmethod for adjusting the
weomwseetonat i on of a substance in a patient, tPeT/Ds10080B82506
conprising: providing information representing a
profile of target concentrati and delivering a
material to the patient intrégernally under the
control of the <controller to adjust the concentration
of the substance to the target concentration
subst #értprafileyis representebldan e dinsihaving heoprzsfa slepe.48. A
met hod as clained in claim47, wherein: the substance
is blood glucose and the material includes insulin.

49. Agget h%dsﬁgen? Esaélﬂl?&d'lﬂ clk@ian) dierethier ei n: the
profile includes a plurality of target concentrations

over thenelivey. dexiavendindesasinglehensde ona wiulii-neetie array.
wherein: the profile is representable as a |ine having
a non-zero slope. 51. A nmethod as clained in claim47,

wher eign; t e nflehddvRi iadfhsGiE thel ddketdesiodSIfMgsibsthatd tea patient,
device having a single-needle or a nulti-needle array

tlee methpd epmpngingat eri al .
providing information representing a profile of target concentrations; and

delivering a material to the patient intradermally under the control of the
controller to adjust the concentration of the substance to the target concentration

substantially in accordance with the profile.

48. A method as claimed in claim 47, wherein:

the substance is blood glucose and the material includes insulin.

49, A method as claimed in claim 47, wherein:

the profile includes a plurality of target concentrations over time.

50. A method as claimed in claim 47, wherein:

the profile is representable as a line having a non-zero slope.

51. A method as claimed in claim 47, wherein:
the delivering step includes using a delivery device having a single-needle or a

multi-needle array to deliver the material.



