2 2 NOV 2005 METHODS FOR AUTOVATI CALLY MONI TORI NG ANALYTE CONCENTRATI ON
"USING M NI MALLY | NVASI VE DEVI CES 5 | NTRODUCTION Field of the Invent$ongyhens
field of this invention is anal yte determ nation. Backgound 10 Anal yte
detection in physiological fluids, e.g., blood or blood derived products,

i nterstiti aNethyb§iroRMeTOMATICLLISVRIONITGRIR 8A N OO A& Alrfok 0day’ s
society. Analyte detection assays find use in a variety of applications,

i ncludi ng clinical | abolisie YINBSALIAINVASIRE DEBKIESNg, etc., where the
results of such testing play a promnent role in diagnosis and nanagenent
in a variety of disease conditions. Analytes of interest include glucose for
15 di abet es nanagenent, chol esterol, and the like. In response to this
growi ng i nmportance of analyte detection, a variety of analyte detection
prétocol s and devices for bot hINIRQIICTIEIN hone use have been devel oped.

Hi storﬂgal %ék :[_bl og.d gl ucose and ot her bodily anal yte nmeasurenents were
I nvasive. .1 urenents were generally made by w thdraw ng a bl ood
sanpl e and TRERW bMfistikeentidh iPamlyiedetanahyich. Wi t hin the bl ood or plasna.
Bl ood sanples were typically withdrawn by inserting a needle into a ngjor

artery or, nore conmmonly, a vein. Such direct vascul ar bl ood sanpling

enpl Oﬁdkbﬁ tgese early nethods had several |limtations, including pain,
hemat t her bl eeding conplications, and infection. In addition, due

t qot he vasctadfte dét@éfﬁﬁeinfpﬁf}slblbgﬁﬁl ﬂﬁiﬁéﬂe’lf.:é),eow&ﬁéﬂ BoddlaérivedprodiRfp! i ng coul d
not be repeated on a routine 25 basis. Finally, it was extrenely difficult

for parteestitial fuid,mie.fis ofie¥er digreastngimpetiprge tp Ursecisty. Amdiealetesion A nore

recent_ technique. t hat. has. be vel d to .gverconme sone of the

i s aa et S B8 TaEin el appRC 8 nbERs b SGREHBT B b2 b1 o0
sanpl aedbivig Caté.| where Bhie reb@RCIfRECH Retirggkplay apebrhinentsulRGHdaRpAGsISaid SSue,

i ncluding the small, underlying blood vessels, 30 to produce a |ocalized

bl eedilPRNZBFMEIHEN pyA ety of figedse candiiprse Analyiastad interestgnelade glyeesedgr device is

i red. : ' | ' Il tub
90, el Bl B BUESE ol B0 LS b Blodof ™, 100
col | eahalgteadatbction,tdwasieies fuadlytiidetéddion phstobdls giRl devides fordiotls ltitalh@od vessel s

| ocated In the region. One nethod is shown in U S 1
home use have been developed.

Historically, blood glucose and other bodily analyte measurements were invasive.,
Such measurements were generally made by withdrawing a blood sample and measuring the

20  desired analyte within the blood or plasma. Blood samples were typically withdrawn by
inserting a needle into a major artery or, more commonly, a vein. Such direct vascular blood
sampling employed by these early methods had several limitations, including pain,
hematoma and other bleeding complications, and infection. In addition, due to the vascular
damage resulting from the needle puncture, sampling could not be repeated on a routine

25  basis. Finally, it was extremely difficult for patients to perform a direct vascular puncture on
themselves.

A more recent technique that has been developed to overcome some of the
disadvantages associated with the above protocols is to collect a blood sample by cutting or
lancing the skin and the subcutaneous tissue, including the small, underlying blood vessels,

30  to produce a localized bleeding on the body surface. A lancet, knife, or other cutting device
is required. The blood on the body surface is then collected into a small tube or other
container. The fingertip is the most frequently used site to collect blood in this method due to
the large number of small blood vessels located in the region. One method is shown in U.S.
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2 2 Nov 2005 Pat. No. 4,637,403. This sanpling nethod al so suffers from
several mmjor disadvantages, including pain and the potential for ihfegyizem
and ot her problens associated with repeated sanpling for a confined area.
Pain is a major disadvantage since the fingertip has a Iarge concentration

of nerpse \@ndl m%osﬁdrﬁ@,saﬁlﬁrgﬂgemeﬁma aisb@hffa@ ﬁ%dyev%wi &cﬁéa% whi ch to

take 5 these sanples and asurenent on hi gh freque aS|s ecause the
above idsding ipeiat qnmthrr patential fnrasfev‘eort ar:hnhqlpesbleme ammatadl Wlﬂ’pmpﬂﬂﬁi S

frequent| 0| d hav bI | uc.os asure I abet.i the failure
o’ neddpling [ G aongit e Tat s SyPaot FrHBATHR et B BeSTEHYS 44HEE: ous. Al co,
the i rb\bﬂéén‘ﬁ%n&%@ﬁﬁr%l@&hng’w%% tHeRSid latlinhifed! Bbﬂ‘t}'sﬁﬁa&' REAFYRSPBLE to t‘ékceat e an
enhanced risk for disease transm ssion. 10 At enpts have been nade

devel dhesglsmpbeandlme@suh@nemmlaﬂu@ freqepocgbdsty. i npl antation in the human
body Adva f su nt.ed ensors I ncl ude the |I|t provi de
"conti nuou ec ‘ésﬁ ?@W@ﬁ?&@?&ﬁﬂoflﬂ HHB%IV%E?\?ﬁWQ“?S&I%BWQ ét sanmpl e bl ood
at eéf?é@; :Wohd‘Ea O§B‘I§)od Eﬁfé%érﬁeésb?cd”?&%ﬁ@ﬂ%@tth@faﬂﬁflzvt%fiﬁ@agﬁ‘% biggRvi ded by
I mpl ant ed sensors, devel opnent of a permanently inplanted or long-term

chroni giuqon@bmme&scsbwbbﬁms h:as bg Betyelangernei ddes deuhvasive teplptiguesowhlieh el op
short-term:ii I.atabes nsor u have also net wth very
li i té'as%tulﬂé rlf\]iB% "‘Tsﬁﬁf e?ﬁffaz%% g@g‘ﬂ%‘%‘rr?kga%‘?% BN ¥ uri ng  vari ous
prigduct s fwﬁelﬁﬁwﬁmadeeﬁmbwa@ew%w@ae aﬁ@a&éﬁanahﬁgéérﬁ,arsqer or within the
sensor and the desired anal anted gl ucose 'sensors have typically

used tihmlsgtanmosmtmmuuméaody d\tantages of sueh smplantet sensopumcludé thyl abdog e as
descri bed 8,819 ch. 2 | ant.abl e gl & Sensors
nave. RSHOF bR s ERpaRRE RGeS e le RS Saa HERHAS T 0"t he
subc uteapieRieasulring SWént. PEspitk iRy Maky YSiehtRS advMhgps proviiedIty ifphmiddoed for
chronic sensor inplant is the peritoneal cavity. Inplanted sensors

typi caif-‘ll%ﬂl‘ﬂs dealemmerit oée pegnanenty snplarted ar losgrie, icbronioinzplanied sanserdss

B A S e e O P

i ncl ucaus@gna&hqr V@‘gfhnilfw@ﬁmﬁﬁmt irﬁ%)l@nt@b@sﬁﬂ‘déﬁ@ar@ ®Asdlon MERGHAE unwant ed
body reactions uch reactions include the formation of fibrotic tissue

ar oundratines preduds frami ggmical reacHonsthetweensgentss) é@mt@cqn Qf Within ébmnsq;ody f1 ui ds
and arﬁ%d%ee&e' 1r§&j§rtt]alﬁg I%aspll'§n9§cia glug%g sg?s%ys ﬁave ttﬁalclf'asl sgg [h ngﬁucoggé%nl sm may

al so have a nso op

i nt er freddtiog td\meb)sdr@mecahmcaﬂ glﬁﬁﬁetas%&rib@dlm Ues] Pay. Nd1 6088 19bssohd sensor S.
As 30 with any inplanted object,, inplanted sensors may al so initiate other

badi | ymplatablégycose sensqes hge begn I&Fﬁﬂdﬁd fom inssejon through the spidereds apd | nfecti on,
and otfaghisYONRVuGEith A6 HR8: An alternative location previously described for chronic

sensor implant is the peritoneal cavity. Implanted sensors typically require direct or
telemetered connection to a measurement instrument, usually located external the body.
All implanted sensors are faced with several major problems. First, all foreign
25 materials, including materials incorporated into a glucose sensor, produce unwanted body
reactions. Such reactions include the formation of fibrotic tissue around the sensor which
alters the sensor's contact with normal body fluids and analytes, such as glucose. The body's
natural defense mechanism may also have a direct "poisoning" effect upon the sensor's
operation by interfering with the chemical reactions required by chemical-based sensors. As
30  with any implanted object, implanted sensors may also initiate other bodily reactions
including inflammation, pain, tissue necrosis, infection, and other unwanted reactions.
Implanted sensors require certain chemicals and chemical reactions to determine the
level of analyte in the surrounding medium. These chemical reactions are the source of the
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| mpl ant ed sensors require certain chemcals and chem cal reactions to
determ ne the |l evel of analyte in the surroundi ng nedium These chem cal
reactions are the source of the 2 22NOV2005 products to be consuned AnH0Y 2005
ot her products to be produced as part of the sensor's normal operations.
Therefore, the sensors can quickly be depleted of the chem cal agents
required to sustain the desired chem cal reactions. Secondly, by products
are given off as a result of the basic chem cal reaction. These by-products
often "poi son" the sensor or cause other unwanted tissue reactivity.

Because of these severe limtations, inplanted sensors are not practical.
Final |y, BIpERet ipesopsunedand sther produgts foqre prodused aspaghef thasengere ngrmaloyr ce of

i nfection &%io?lk'.cﬁeréﬁﬁje,l @e géﬁs&rsic@gqagggfﬁ& bSpIOEDE the efurﬁikaragkmenal yte

msasurerre%]g evices and protocol as continual, automated nonitoring
of the ansaiqyired ofsustaindheddsired chimacal adaktions afembydly, lyqnediwtsane gioen affasur enent

devi ces current vai l.abl.e ;are,.unsati sfactory for ,a . nynber of reasons.
Accor di ngf‘ﬁsu{eﬂt&’g%@c 3h35'8f‘ﬁ]ir??ﬁgﬂn‘islﬁlﬁ?fbé’éﬁm‘?'ﬁ&t?fgmdgf’/‘é?rb HW5Y hew anal yt e
concent r atduRe ofesH#MPERIHss Y redctiv ). Bea ke A HesSeeverlinfifitibhg; ihplantedit er est

woul d be the devel opnent of a continuous anal yte concentration neasurenent
syst em t h8gnsorg aeioh practica-fianallyy sigh dmplartod prnseys areayehl te fmplantandiirs s1pl ant abl e

sensors, j m& above. Relevant Literature U S. Patents of interest
i ncl ude: goﬁ’é%%&ég% "721,677; 5,002,054; 5,108,819; 5, 161,532; 5,390,671,

5,582, 184; 5, 6882 skBd3whie FUG 1I2bAnelits 880 tadlipnal apdye, mBeSureMmeftsleyit88and

6, 086, 545; 6,091, 975; and G, 155, 992. SUMMARY. OF THE | NVENTI ON | n accordance
with the B?Oé%ceﬁt SWﬁ%ﬁfﬂWﬁ% aaeg moPHRRE] the %Bﬁ% Iisresty SPRIPHARE g the
anal yte conRetsRbhteiiohMmasitOntntQéeicestcub@htlyPslablé hitRmsatifaciiRy pd conpri sing
t he steps of: a) making a first analyte concentration neasurenent at a

first poi hembdrof feaeongsi ng a si ngl e use anal yte concentrati on measuring
device; (b) nmaking a second anal yte concentration nmeasurenent at a second
poi nt i n NAicomdingiynthes is b ngitmued mtaes in/the devabopmemt ofdavomabgasur i ng devi ce;
and (c) nmaking one or nore additional, anal ﬁgﬁ concentrati ombrreasur enent s

usi ng ant RYCCUTAYGP ercasEe e PERIPGRLs AghAeigss. (i epricplat pterest would be

the development of a continuous analyte concentration measurement system that
does not suffer from disadvantages experienced with implantable sensors, as

reviewed above.

Relevant Literature

U.S. Patents of interest include: 4,680,628; 4,721,677; 5,002,054,
5,108,819; 5,161,532, 5,390,671, 5,582,184; 5,682,233, 5,746,217, 5,820,520;
5,879,310; 6,056,738; 6,086,545; 6,091,975; and 6,155,992.

SUMMARY OF THE INVENTION
In accordance with the present invention there is provided a method for determining the
analyte concentration in a host over a period of time. The method comprising the steps of:
(a) making a first analyte concentration measurement at a first point of time using a
single use analyte concentration measuring device; (b) making a second analyte
concentration measurement at a second point in time using a single use analyte
concentration measuring device; and {(c¢) making one or more additional analyte
concentration measurements using anther single use measuring device, wherein the
analyte concentration measurements are made according to a selected schedule to

monitor the concentration of analyte in a host over a given portion of time.



anal yte concentration neasurenents are made according to a sel ected schedul e
to nonitor the concentration of analyte in a host over a given port??m?fm%
time. 3 2 2 NOV 2005 In accordance with the present invention there TS

provi ded a nmethod of nonitoring the concentration of glucose in
interstitial fluid of a host over a given period of tinme. The nethod
conprising the steps of. (a) making a first interstitial fluid glucose
concentration nmeasurenment at a first point in atinme period using a single
use interstitial fluid glucose concentration neasurenent device; (b) making
a second interstitial fluid glucose concentration nmeasurenent at a second
poi nt i i@ ciuReoRAt M pHrthyendd ke iﬁ’ﬁ%v'd,lea‘i‘Bﬂ{eﬁ{ddtdf%onitbﬂhéjt gl ucose
concentration measurenment device; and (c maki ng one or nore additional

i nt er stit ca@icertratiod ofjElucess én oerstitial flaidiodia hostayar egiwen perindad tidienghea

predet er m ned.schedul e.t o, nonjitar the concentratjon.o | ucose over a period
D L e, O EOPRIEE R IR Do gkl & B O Rel A Sl h SR SURNEY 2 yetom
for use i meiRaRiniddt btOfirst fisintGA @GR feribll Qfin@h siABRIukE Mrérititial HORIglesd a portion
of time, the systemconprising a renovable cartridge, the cartridge

i ncl udes &enceRiEtion mepsiement dgvise dbHmalingy sesond mtexstisial fluid edusestent r at i on
nmeasuri ng i e . i J: ich the
cartri dgeC&ngéﬁ%ggPWl%ﬁr%%%%%%&] “éﬂ lgglé/elutggé})%}ﬂq&%ie@eaa% ég%%ati on neans
for sel ecttarstitial flacitglwabts cuppcerdtemtibn mehsuagmiens iy and &3 urakimgrne demiores of t he
cartridge cordin predeterm ned schedule. In accordance with the

to.q .
present i A Wfr!a fpt ﬂlﬂaéﬁlnél Q%ﬁa@aeq@p%glgaquppma[csqr H¥ % he concentration
of an analyheiiinéd 88dulOMShorftod tHRRBnRRErh@Rch &fglﬁdoH@ove}_Q?gﬁé& of tifd.udes a
renmovabl e cartridge; the cartridge includes at least a first and second
singl e use anal yte concentration neasuring devices. The system further

i ncl udes i int0 I A . i .hser rein the
devi ce ing %%é%ﬁﬁﬁ a@}?w b%%ﬁﬁﬁﬁg%égﬁ%%lgéﬁggﬁgegﬁﬁﬁn§§?%§§PPQQE¥ﬁg first
and seconthereacuiraionif aflslviednr a hoft ovbea patibn oftifire, AbcHs@M@nipdising a

predet erm ned schedul e. DESCR| PTI OF THE SPECI FI C EMBODI MENTS, Met hods and
devi ces afEnqyPlgicalacothe sert tm@';ﬂewt_lﬁﬁﬁﬁ Bt ieAg secrrd eppcdst #@lon of an
anal yt e i goikeRiRfon Mealllre d@Pick The Ystent ffther ihALIAY RAREIHBWHCHIRaSUr i ng the
concentration of an analfyte at two or nore points over a given time period.
I n the subijrgiige maybo duserted shsteamthe dkvige paludéssmsactivatipngnesse farnelestively

concentrati.on.detection,devices are enmpl oyved.t,0 . .
activating tthe(first and second measuremen evu}és of {”he cartridge according to a

predetermined schedule.

In accordance with the present invention there is provided for use in monitoring the
concentration of an analyte in a host over a given period of time. The kit includes a
removable cartridge; the cartridge includes at least a first and second single use analyte
concentration measuring devices. The system further includes a device into which the
cartridge may be inserted, wherein the device includes an activation means for selectively
activating the first and second measurement devices of the cartridge according to a

predetermined schedule.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS
Methods and devices are provided for automatically monitoring the concentration of an
analyte in a host or portion thereof, i.e., for automatically measuring the concentration of
an analyte at two or more points over a given time period. In the subject methods,

substantially painless single use analyte concentration detection devices are employed to



4 2.2 NOV 2095 neasure the concentration of the analyte of interest in the
host, or portion thereof, e.g. interstitial fluid, where the I'TE&SUE?%Q'[ZB?{]S
take place automatically accor di ng to a predeterm ned schedul e. Devfée

provi ded by the subject invention have at |east two different substantl ally
pai nl ess single use anal yte concentrati on neasurenent conponents that are
under the control of an activation neans that activates the neasurenent
conponents according to a schedule. Various types of measurenent scheduling

nodes are enpl t¥h(;1bl e wth the present invention. For example, the schedul e
may be pr BWetEs e fepeaEation oty analyts afiiterestiin gy Whﬁsp@ﬂomavr@ﬁ ofg-xed

I nterval Sm‘?érstit aHuid \-ll;ﬂgre?ﬁégﬁgdéhl%rl{éﬁﬁé tﬂ{?g)urcé\’ta&gmgﬁc QIR%BIYI to4N response to

i mredi at e or ort term prece not her type of
schedul i ngredstemneed frheduls Depiceslpovided by the su‘mjeet;imvmaom hawpraeiﬁiasmwodat a

col | ect ed er a,lon eriod. (j.e. ver one nor e days The present
i nventi ond néf"'%ta &‘g{ﬂ‘g‘é"’l?ﬁ S‘"%l‘f—‘ﬁ%h%?rﬁe c?ﬂ?&'émi%ﬂ&née aprem yS| cian or
patient MBympEBHRhM itk afchd B tREYEITHE B ARRGVARABRYanS faEsbivaeafld acti vate
measurenment of the target analyte. Al so provided are systens and kits for

use in pr EEAIUEIIRYL EFTBPANGDIS decordiBg Fodisshedie Vasigns pes ofgndasersmentnd use in
moni tor | ”Qch%@ﬂmg%&&@%{ Ch}p‘?&aﬂf “ﬂt tﬁé bfe&éﬁt RIve%JJ %Fé}{a@l&ggﬁéz glgeduf%f

i nt erest are par sw use 1n
concent r atragibe pfedgleumﬁscbaccbﬂlmg'tberthérl fixied kindeb of dhy dBdixed mtérhals sfitpect
is.to be understood that the_ invention

i nventi on escri bed further
is not ﬂ‘?%‘g‘ Slﬁe PR ofsryise b aﬁdalétﬁﬁo&ﬂ resnppse ammediate ISt MdESer i bed

bel ow, as withf o) BR2edh am Al %&vs&ﬁmmgr{?%&hmy"ﬁ%dleﬁ@e@ i@nd still
fall within the SCope o% the appended clains.” It is also to be understood

that the tasporisatit prgyiouedsd a;lbdtedgveﬁr@rlongeepmadp(@seo'cﬂr odegx:mpmdag@partl cul ar
enbodi men t he scope of the

resent 1 HOERETEN T ons R EREEPYich 8 Ty teriet B WRR TR einhRBnd"S Rov

2005 In tEatSensmjzbfrerﬁaé 1he@r@mdnm&9mamﬁaﬁ£éﬁdsoabcaumd Ftings hdasurehatences
i nclude the plural unl ess the context clearly dictates otherw se. Unless
def i ned oPhEHed analite. t echnical and scientific terns used herein have the

same neani ng ag PR Dard BARRAA Wit RorA8€inPracticing the subject methods. The
subject methods find use in monitoring the concentration of a variety of different analytes
of interest, and are particularly suited for use in monitoring the concentration of glucose

in interstitial fluid.

Before the subject invention is described further, it is to be understood that the
invention is not limited to the particular embodiments of the invention described
below, as variations of the particular embodiments may be made and still fall within
the scope of the appended claims. It is also to be understood that the terminology
employed is for the purpose of describing particular embodiments, and is not intended
to be limiting. Instead, the scope of the present invention will be established by the

appended claims.



ordinary skill in the art to which this invention belongs. 5 METHODS As
sumari zed above, the subject invention is directed to nethods and QeyNEEHD
for nonitoring the concentration of an analyte of interest in a host or
portion thereof. By nonitoring is meant that the concentration of the

anal yte of Ih ﬁﬁiﬁgﬁiﬁdaﬁom% nlfed laidi® rsﬁlg%ﬂa(? ﬁéﬂeféﬁésfs%ﬁﬁdé"thg ngﬁQl time

period, suc )at two or nore heasurenent’s e anal yte concentration are
obt ai nmtks$ the cangkveearty alieta]:asrothmdwwé’ﬂénlgm@rﬁnp@nﬂmdﬁmé aﬂlltacehnmj/amhry from 1
hour to. several hour.s Ss. However, the ven er i o of t| typically

a
r angeSCEREHS eHPs yte heﬁ%ﬁga\f‘b $ SR Meaniny a5 co degstap HBGF‘%O Measuri ng

the anghink§ skANGEAE hRtd Qfﬁwﬁtthls uﬁféﬁfloﬁ B\%lﬁﬁgsdu” ng the given tinme period
provides for the monitoring of the analyte 15 concentration during the tine

pesiod. A feature of the subject methods is that the nonitoring is
autor’rﬁhi c. In characterizing the nonitoring as automatic, what is neant is
t hat i vi dual anal yte neasurenents that mnake up the nonitoring

protocol arg %ﬁﬁar%ﬁ%&l'é”'ﬂlets‘abﬁcﬁﬁb@rﬂibheis iy LR hhHRARI deDRes BT €ction of
an automatic activation neans, ‘as described in greater detail infra. The 20

pr edetreentionieg theodvadertiatign wﬁelmsndﬁn of mperesian ehasttorpoitiinstheéneof iBe at whi ch

sched agrig et bl Gieitnsonfion RE Rednain fiasrest iabrestRet SYpOnTgI o
pepi 0qineds otvbf@%W@fr‘ ﬁnﬁrp'éﬁbﬂ CduBH tHaP By SPhB Rl mERLARES s of i hfulgtbe nunber of

measurenments that are nade in a given period of tine necessarily 25 varies
at | ea:snca'ntramfr arewbtameddope given timetperipdr Thecgiver pariadeoffiand mey varydran me

i ntery, or duratjon betwe measyrenent s | he sane. . For wher e
t e patosta eVt boits, 8 Gar BReiFRE HeckEh dhvioRel o BBk AbY Bnefy B hunber o
NMeas U8Rt Kour Al dayse an@Refich 2ab 8l1Rasd MeasufiHaeandlyte é@RehtrdlioaRd nore
usual |y at |east 16, where the nunber may be substantlally hi gher, e.g., 24,

36, 4deasbiwipe during the given dinregpesied phevidesSr e nonélguieg o thsfanalytd yt e

g cen%raetnkrﬁ%n asurtgrrﬁnt ?éO1 for the 8 hour period. Therefore, in a given

peri od B tR FAMEPCER% yt e concentration neasurenents may be made
every 5 m nufeRfure BV @E ¥ubjest Methodsas thabitRmionifrin@ ¢ Suto@YEE. In BRAticteriANEr Y 2
hours, every 4 hours, etc. For exanple, if measurenents are to be nmade every

ten rRGTEBROIING dSRYtOMALE, Whekis meagt ip that the indiNisdupl anabite mepsusementnthatil e
enpl 0¥1%9(e uB tﬁpﬁoﬁﬂgﬁfgcﬁroﬁ)cgl z?re %age \écgogéng to a schedule, typically under the

direction of an automatic activation means, as described in greater detail infra. The
20  predetermined scheduling modes can provide exact points in time at which measurements
are to be made.

For predetermined “fixed interval” or periodic scheduling modes, a plurality of
measurements are made during a given period of time when practicing the subject methods.
While the number of measurements that are made in a given period of time necessarily

25  varies at least in part with respect to the particular time period, the time interval or duration
between measurements is the same. For example, where the period of time for collecting
measurements is 8 hours, the number of measurements that are made is at least 4, usually at
least 8 and more usually at least 16, where the number may be substantially higher, e.g., 24,
36, 48, or higher, depending on the desired frequency of analyte concentration measurement

30  for the 8 hour period. Therefore, in a given period of time, individual analyte concentration
measurements may be made every 5 minutes, every ten minutes, every .5 hours, every hour,
every 2 hours, every 4 hours, etc. For example, if measurements are to be made every ten

minutes during an 8 hour time period, the predetermined schedule employed in the subject



met hod woul d provide for neasurenents to be taken at t=10 m nutes, t--20
mnutes, t=30 mnutes, t=40 m nutes, t=50 m nutes and t=60 m nut es,? ENBV 2005
as neasured fromt=0, representing the start of testing. The particul ar
periodicity of analyte concentration neasurements that are rrade during a

01 ven sl PG WACT MAGILERT 1§ BEuRUPAACHo IERRBIS-) finfil p L1 00l 50
|l ong as at | eas nmeasurenents are nade dur | me pe such that
t he amahytes tedthosmitesat=+Ominatesand t-eiladinuengetas maaturmhfa&urte(ﬁi once For
predeterm ned "fixed tine" hedul i raI ity of neasurenents are
al so ﬁ%HiESCBH%ﬂ’ﬁséarb?&}ﬁﬁmﬁefﬁ’ﬁ@aﬁ?u{zgﬁ‘é“%ﬁ%‘h'%} %?We'ﬁtFPé‘%ubj ect met hods.
"bwev%easﬁr@ﬁent's @ﬁa@rai/@rhad’et am h%&é}?tn% SR graeﬁ@m%% eﬁn@ﬂlsﬁgﬁot fixed
but are pre-selected for ain t| of the day or , such as 8 am
9 am islMot3Gitieah smidng as anif:asTtwcs mephuecipends amenmtﬂeshlkn«ag mlllaetimapeﬂmi grebgr anmed
into the aCtIEﬁ%IOH means .by either the patient o t he heal t hcare provider.
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concentration. For example, with diabetic patients, an adaptive mode may be activated

where several of the more recent analyte measurements indicate that the change in glucose
concentration level is too rapid. With such patients, a predictive mode may be activated if

25  previous measurements indicate a swing in glucose levels during, for example, the early
morning hours over the last few days. The new scheduling patterns invoked by the adaptive
or predictive modes may themselves be predetermined with either fixed, partially fixed or
unfixed measurement intervals. For example, in the case of the diabetic who has recently
experienced a sharp rise or fall in his glucose concentration level which has triggered an

30  adaptive measurement scheduling mode, a 5 minute-interval measurement schedule may be
invoked to closely monitor the glucose level if the situation warrants additional measures,
e.g., an immediate intake of glucose. In the situation where changes in glucose levels

generally occur during a certain time of day and, thus, activate a predictive scheduling mode,



generally occur during a certain time of day and, thus, activate a

predi ctive scheduling node, 7 2 2 NOV 2005 neasurenents may then be
schedul ed at 0.5 hour-intervals during the hours from5 amto 9 amZ 288V 2005
exanple, and then revert to a nore typical neasurenent schedule during the
rest of the day. The present invention also provides for the optional
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the host. “For exanple, in certain enbodi nents the analyté toncentration is
to be adjusted prior to taking the anlayte measurement. By substantially painless it is meant

20  that the analyte concentration means of the subject invention causes the host to experience
little or no pain at any time during its use, e.g., during activation or measurement, such as
insertion, sampling and withdrawal, while awake and during sleep.

As indicated above, the analyte concentration is monitored in the subject methods in
a host or portion thereof. Typically the analyte concentration is measured in a portion of a

25  host, e.g., a biological fluid from a host. Biological fluids of interest include blood and
fractions thereof, e.g., serum, plasma, etc., interstitial fluidand the like. In certain
embodiments, the concentration of the analyte is measured in host biological fluid, where the
observed measurement is then used to derive the concentration of the analyte in another
portion of the host. For example, in certain embodiments the analyte concentration is

30  measured in host interstitial fluid, where the measured value is then used to derive the value
of the analyte in the host blood.

Because a feature of the subject methods is the use of substantially painless single

use analyte concentration measurement devices, the biological fluid that is measured in



30 neasured in host interstitial fluid, where the neasured value is then
used to derive the value of the analyte in the host blood. Because 2 NOV 2009
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body, or may withdraw the sample from the body and then measure the analyte

20  concentration in the withdrawn sample.

A variety of different analytes may be monitored using the subject methods, but the
subject invention is particularly useful where the analyte of interest is glucose, because of
the consequences of hypo- and hyperglycemia, if undetected over long periods.

In practicing the subject methods of monitoring analyte concentration in a host or

25 portion thereof, two or more analyte concentration measurements are made during a given
time period using separate or previously unused single use substantially painless analyte
concentration measurement means, as described above, for each distinct or disparate
measurement. The resultant measurements are then employed as a set as desired, depending
on the particular application in which the subject monitoring step is being used, where

30  representative applications are described in greater detail infra. The set of measured analyte
concentrations may be used in raw form, or processed as desired, e.g., fit to a curve, etc.,
depending on the particular application in which the monitoring finds use. In this way, the

analyte concentration is monitored in a host, or portion thereof, e.g., interstitial fiuid.



concentration measurenment neans, as described above, for each distinct or

di sparate measurenent. The resultant measurenents are then enpl oyed A¥0W2005
set as desired, depending on the particular application in which the

subj ect nonitoring step is being used, where 30 representative applications

are described in greater detail infra. The set of neasured anal yte
concentrations may be used in raw form or processed as desired, e.g., fit
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separated or renoved fromthe remai nder of the device, such that when all

of t henasasdvheenthamumbanef weaskregiopbmeansrmay beyd &rlé, 2hpt ligher, depgadiogrt ri dge

be .removed. and repl.aced. wth another cartridge, such that the whole
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o o i Bty WIS ELURRATHREIIEN 3,6l 0o 000 S RIRI RS R
pr ef ebe @emévedmmdyeplaced with another cartridge, such that the whole device need not be
20  discarded. In yet other embodiments, the measurement means may be integral and non-
removable from the remainder of the device, such that when the last of the measurement
means is employed, the device is discarded. Because of the lower cost and efficiency of
resource use provided by the cartridge embodiments of the device, embodiments that include
a removable cartridge that provides for the measurement means are preferred in many
25  embodiments.

In addition to the measurement means, the subject devices and systems also include a
measurement activation means. The measurement activation means is a means capable of
activating each of the measurement means of the device according to a predetermined or pre-
set schedule. Typically, the activation means is made up of suitable hardware and software

30 components, e.g., a microprocessor under the control of a suitable algorithm, that provide for
selective activation of each of the measurement means according to the desired

predetermined schedule. In other words, the various components that make up the activation

means are capable of activating each of the measurement means according to the

10



25 enbodi nents. In addition to the nmeasurenent neans, the subject devices
and systens also include a neasurenment activation nmeans. The neasur2idify 2005
activation nmeans is a nmeans capable of activating each of the neasurenent
means of the device according to a predeterm ned or pre- set schedul e.
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20  activating a measurement means on command. For example, the device may include a
button, lever or analogous means that can be manipulated at will to provide for an instant
measurement of analyte concentration “on-demand”.

The device may also include a processing means for collecting the raw analyte
concentration measurement data from the measurement means and processing it as

25 needed/desired into a final desired format. As such, the processing means may include date
processing algorithms that convert the data into a desired format, e.g., into linear functions,
etc., that correlate the data to analyte concentration of another portion of the host, e.g., that
convert ISF concentration into the blood concentration; and the like.

In addition, the devices may have a readout means that displays the monitored

30 analyte concentration. Any convenient readout or display means may be employed,

including an LCD, etc, where the display means may display the data in any convenient

format, e.g., numerically, graphically, etc.
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measur enent of anal yte concentration "on-demand". The device may al so

i ncl ude a processing means for collecting the raw anal yte concentr a2 §8Y 2005
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t he data conmunication neans Is typically a wreless data comuni cation
means, where the data communication means is typically a wireless data communication

20 means, e.g., RF telemetric means.

UTILITY
The subject methods, devices and systems find use in a variety of different
applications in which monitoring the concentration of an analyte in a body sample over a
25  given period of time is desired. As such, the subject methods may be employed to: (a)
continuously or periodically monitor an analyte whose concentration is associated with a
disease condition, e.g., hypo-or hyperglycemia in blood sugar disorders such as diabetes; (b)
continuously or periodically monitor an analyte whose concentration is associated with a
non-disease physiological condition of interest, e.g., alcohol intoxication, illegal drug use;
30 (c) continuously or periodically monitor the concentration of a therapeutic agent in drug
therapy applications; etc.
Where the analyte is glucose, the subject methods find use in a variety of different

applications relating to the treatment and management of glucose-associated discase
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20 nmeans, e.g., RF telenmetric nmeans. UTILITY The subject nethods, devices
and systens find use in a variety of different applications in which
nonitoring the concentration of an analyte in a body sanple over a mc}w NEN
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The subject methods and devices find use with a variety of different types of hosts

20  where analyte monitoring is desired. Hosts of interest include, but are not limited to
mammals. Mammals of interest include valuable livestock, e.g., horses, cows, sheeps, etc.,
pets, e.g., dogs, cats etc., and humans, In most embodiments, the mammals on which the

subject methods are practiced are humans.

25 KITS
Also provided are kits for practicing the subject methods. In one embodiment, the
kits include a device for practicing the subject invention. The device may be a single integral
device or made up of two or more disparate components, e.g., a display component and a
measurement component. In certain embodiments, the device may be a device in which the
30  measurement means are present on a removable cartridge. In such embodiments, the kits
may include a single cartridge, or two or more cartridges. In yet other embodiments, the
subject kits may include one or more cartridges for use in a disparate device not included in

the kit. Finally, the kits typically include instructions for using the subject reagent test strips
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predicted event, e.g., via insulin injection or glucose ingestion. The

subj ect nethods and devices find use with a variety of different types of
hosts 20 where analyte nonitoring is desired. Hosts of interest inciZid@y 2005
but are not Iimted to manmmals. Manmal s of interest include valuable

| i vestock, e.g., horses, cows, sheeps, etc., pets, e.g., dogs, cats etc.,
and hurdrsietdrmimmish o€ ab ekl ye rbscentrbtomigmapElysiotupivd sehiple "Ehess ubj ect et hods
are practiced are humans. 25 [T Al so provided are kits for practicing the
subj edBstiygtiensdaay bsprssrat eR9Be PHEREE ofithepackpgiag; hlabeldascat. QeRARETSt or

practi ?és@ﬂtih?l?elﬁ%bﬁxﬁﬁheilmée”“ on. The device may be a single integral
devi cé) or made up of two or nore disparate conponents, e.g., a display

conponent and a nmeasurenent conmponent. In certain enbodi ments, the device
enment peans are present on _a renovabl e

may be a deyice in whjch the 30 neasur

captri dge. "Ths sublest r@?fja%% fﬂ@rﬂegl,ce% n@ViﬁeﬁgnU%meawﬂa%m@f epagpletertridge, or
two or { %HPH I i .t S may
inclu etg%%tgwgl?&&n%ﬂregggglﬁ {nrg i’éé%irgen? %dr.@gge nﬂﬂgﬂ%{b@%]g}%%}gso e'\l;fiEH (1:.2%118 lici ncl uded in
t he kibecaube siagleyuse shimstaatinly pyiplesaanajyte nehsidtememtabeans treoemsplbyed, usdirng t he

subj ect. reagth f est st.ricg% 13 2 2 H‘%OO in the determ nati &n f an
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It e R Bl ficflo S oLPRRKAR, B g e AR eI TV e

cant i deakcesmdsnetbodsianadt amly deampleyedfto rdapidly ned aconrdtély uietechthe pr obl ens
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o1 hgl ESTEEIEE BT BT of ORISR TRC S ea 1) O8" hsh eertisiation Rub ey SR ASRBF oyed,
user ehipldyledlid fé'ﬁdﬁ‘fﬂﬂreﬁ?ét FhedcBuR¥ite &€ ﬂ%pd:é&{é &mik B@ndiﬁ&is‘,’hﬁﬁ‘al

e
measur enent neans enpl oyed need not be cal i'brated prior to use. In
addi t ithem¢fomi privvide $paotprovedirhanagemensé bided gludopenietabOliste wisoemteddiseast hods can

t only,. | t i dly. and tely detect.t f
nvpo’ gPrdifies ARyt ShistFredic i ipiet & et s oD 4 e By can ol s
bgs enpl oyed) fidlicdcHs aid Pardiscited HEhACHUERBRLA RE hiRCinatsloRydiesg! yeeni ¢

conditions, and therefore provide for inproved managenent of bl'ood gl ucose
met abotferencaesid eacht indivitlugbpuhdicatiemeri natemh wergispesifichlly abindiviuadly i nvent i on

oD B G SR R S b3 B SObRES 1 .
i f eaghiot fitthy FitiHa ate Wl kka1d 66t B copstiesdtas\We aamSRRM thatGhe bies@itehveRloy i dual |y
is not entitled to antedate such publication by virtue of prior invention.
20 Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the

appended claims.
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indicated to be incorporated by reference. The citation of any publication
is for its disclosure prior to the filing date and should not be coh3Hhiuan;
as an adm ssion that the present invention is not entitled to antedate such
publication by virtue of prior invention. 20 Al though the foregoing

i nvention has been described in sone detail by way of illustration and
exanpl e for purposes of clarity of understanding, it is readily apparent to
those of ordinary skill in the art in light of the teachings of this

invention that certain changes and nodifications may be nmade thereto

wi t hout departing fromthe spirit or scope of the appended clains. 14 2 2
NOV 2005 WHAT IS CLAIMED I'S: 1. A nethod of nonitoring the concentration of
an anal yt &HATISLEEMMED IS5t j on  t hereof over a given tine period, said

met hod conprising: (a) nmaking a first anal yte concentrati on neasurenent in
sai d host lat a Afmethod pOmnnnitarmgshe ebntemmtigreof achnalytaig achoki orgortiinngl e use

| yt trati . (b Ki d | yt
Concent r oI A8 e P oCoiot RBED Semre el cond poi nt 1 sai d 1 me

period using a (gpcomdkisii BFirs abidfte e ErRionINGSNLMmBA iR Baid NB&SheMent nmeans,
wherein said anal yte concentration _neasurenents are nmade according to a

sel ect ed sfeRpintin gaidsime negodbsing o first piagle peanshitacinsanteatiosai d anal yte in
sai d host oner ﬁiﬂeﬂs;\’en time period; and (c) neking one or nore _
addi ti onal analyte concentration nmeasurenments during said time period using
one or nore addb} i omaking b sefoad usaytanaicgtiteation deasurtmeaitiio maidhasat enent neans;
wherein said td' me period of said.additiopal neasurenents is based on results
of said fiF¥t %ﬂﬁ‘&l%"d‘gﬂﬂ‘e&éﬁg heRehtegondsinglp useptalytrconceiiatithg to O aim 1,
wher ei N sajnghstiRfdeni eddf €rstitial fluid. 3. The method according to daim 2,
wherein said single use analyte concentration nmeasurenment means is an
interstitial flwhaeinseifpeaytesanignesiionmepsaaments arcThaderpeedididgdeeording to

Claim 3, Waekaloalfhd BOE! BUhddiak allcbhnANASaid TRASH R WRBhogBans makes an
In situ analyte conceritrati on neasurenent.
over said given time period; and
(c) making one or more additional analyte concentration measurements
during said time period using one or more additional single use analyte
concentration measurement means;

wherein said time period of said additional measurements is based on results of

said first and second measurements.
2. The method according to Claim 1, wherein said host is interstitial fluid.

3. The method according to Claim 2, wherein said single use analyte

concentration measurement means is an interstitial fluid analyte measurement means.
4. The method according to Claim 3, wherein said interstitial fluid analyte
measurement means makes an in situ analyte concentration measurement.

5. The method according to claim 3, wherein said interstitial fluid analyte
concentration measurement means removes interstitial fluid from said host and

analyzes said fluid outside of said host.
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5. The method according to claim3, wherein said interstitial fluid anal yte
concentration neasurenent neans renoves interstitial fluid fromsaid host
and analyzes said fluid outside of said host. 15 2 2 NOV 2905 6. Thg) Ngy hms!
according to Caim3, wherein said interstitial fluid analyte concentration
measur enent neans conprises a mcroneedle. 7. The nmethod according to claim
1, wherein said analyte is a gluscose. 8. The nethod according to claiml,
wherein the sel ected scheduling node conprises a predeterm ned schedule. 9.
The met hod according to claim8, wherein the predeterm ned schedul e

corrpri Ses .rreafsugl'?gﬁar&hod g OS(EIII}EEO 1311%%{9‘8'}1? Ak sal:cli 1ntersp1.ealr¥Fu1c510d ﬁccor ding to

claim 8 wherein pre npri'ses measur frents taken at
fixed ti nmesncettiatiohhmeasmicment mmebdnmgsekanﬁtranmd]h, wherein the sel ected
schedul i ng node conprises a scheduling node responsive to previously
col l ected anal yte concentration neasurenments. 12. The nethod according to
claim 11, 7wherein the previously collected anal yte concentration
measurenents were taken over the previous 48 hours. 13. The nethod according
to claim 11, whdhemsthodacenrding suelhign bovheesin eaid amsdyty ise glugsosent rat i on
neasurenents were taken over the previous two hours or less. 14. A method of
nmoni toring concentration of glucose in interstitial fluid of a host over a

gi ven timg. peri Qie afetHodiEcorgiag tb elRint DOVIREsD tHeStldeted behediitlgi medea fir st
interstitial fluid glucose concentration neasurenment at a first point in
said tinecﬁgwmﬁﬂaﬁ§%ﬁ§”%UW4?§¥ duengl e use fluid glucose concentration
measur enment neans; (b) making a second interstitial fluid glucose
concentration neasurenent at a second point in said time period using a
second si fAgl e udhe fietliod agéarding ¢o daimt&rwheadin the pt@leRriindd scliedols neasur enent

neans; . .
comprises measurements taken at fixed times.

10. The method according to claim 8 wherein the predetermined schedule

comprises measurements taken at fixed times.

11, The method according to claim 1, wherein the selected scheduling mode
comprises a scheduling mode responsive to previously collected analyte concentration

measurements.

12. The method according to claim 11, wherein the previously collected analyte

concentration measurements were taken over the previous 48 hours.

13. The method according to claim 11, wherein the previously collected analyte

concentration measurements were taken over the previous two hours or less.

14. A method of monitoring concentration of glucose in interstitial fluid of a host
over a given time period of time, said method comprising:

(a) making a first interstitial fluid glucose concentration measurement at a
first point in said time period using a first single use fluid glucose concentration
measurement means;

(b)  making a second interstitial fluid glucose concentration measurement at a

second point in said time period using a second single use fluid glucose concentration
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wherein said anal yte concentrati on neasurenents are nmade according to a

sel ected scheduling node to nonitor the concentration of said anal yi& NON 2005
said host over said given tinme period; and (c) making one or nore

addi tional analyte concentration nmeasurenments during said time period using
one or nore additional single use interstitial fluid glucose concentration
measur ement neans; wherein said tinme period of said additional neasurenents
is based on results of said first and second neasurenents. 15. The net hod
according to claim 14, wherein said interstitial fluid glucose neasurenent
means nak&$AgEement §1¢eRs; neasur enent . 16. The net hod according to clai m 15,

wherei n sai d i Bhekslld Alutd dnerdBRbY Ko RANGRNLL ALAORFRARHpGTeNt Teans
remove interstitral Flul rom sai ostUang ana yzes g4I T1°ui d outsi de of
sai d host seldcted sEheduting hode acmonitirniy: concaitaiion dfksaiddialyed in sarli st sveer stiti al
fluid glucoie. cancentration nmeasurenment means conprises a mcroneedle. 18.
The met ho&'GQ8YER HMSEHE%AP%i m 14, wherein said nethod enpl oys a device that

conprises: (a)(t rhﬂgf?]% ot?agc%r(i'ngrie h&ditiGf armBRO BshckMbfion hidabbmédiyichir@! ucose

measur enent. neans; _ an activation nmeans that activates saird first
and secon®idHimepenndnting ensorsnare edditionalsingle asqintsuissitial fuidgthcesshedul e. 19. The

nmet hod acgor gﬁt? .Oglqne%guaé@enjt%eawsqerei n said activation neans conpri ses
har dwar e and Sortware conponenps that activate said first and second
measur ement  neanshefds ediditing pefiod 6f widuddilivhelrmiasadmentd etbdsed o ksults

of said first and second measurements.

15. The method according to claim 14, wherein said interstitial fluid glucose

measurement means makes an in situ measurement.

16. The method according to claim 15, wherein said interstitial fluid analyte
concentration measurement means remove interstitial fluid from said host and analyzes

said fluid outside of said host,

17. The method according to claim 14, wherein said interstitial fluid glucose

concentration measurement means comprises a microneedle.

18. The method according to claim 14, wherein said method employs a device that
comprises:
(a) at least said first and second interstitial fluid glucose measurement means;
and
(b) an activation means that activates said first and second measurement

means according to a predetermined schedule.
19. The method according to claim 18, wherein said activation means comprises

hardware and software components that activate said first and second measurement

means according to said predetermined schedule.
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