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EXTRACTI NG BODI LY FLU D AND MONI TORI NG AN ANALYTE
WO REREOM7BACKGROUND OF | NVENTION 1. Field of PeEUS2004/018144
I nvention [0001] The present invention relates, in
general, to nedical devices and their associ ated
sydTelidods BRdacticPASlIieUrdo L® HEYI1eRSNG SNSARTRT8NGiEREIN

net hods for extracting bodily fluid and nonitoring an
anal yte therein. 2. Description of the Related Art
[0002] In recent years, efforts in nedical devices for
nmoni toring anal ytes (e.g., glucose) in bodily fluids
(e.qg., blood and interstitial fluid) have been
directed toward gauekGROONHPOFIRVENRPIONEL hods wi t h
reduced user disconfort, and/or pain, sinplifying
nmoni toring nmet hods and devel opi ng devi ces and net hods

1 }rt at. .al.l ow conti nuous or sem -continuous nonitoring.

: n of nonitoring nethods enables users to

[0001?‘:-‘I f- ”%etp?é'seﬁtqﬁ%n@iﬁﬁlréﬁt@§ 1§ge&9ﬂeto%edl&l d8%iB&Tand their associated
ocati ons w thout the hel ealth care

meth(pﬂsclﬁldsml prarta:lub.r tAdeedese Systﬂms andanetbeds for elitmctng bedily fluid and
and/ or articularly inmportant in devices and

‘nonqﬂgpﬁéﬂé 8@.%%@8 for home use in order to encourage
frequent and regular use. It is thought that if a
bl ood gl ucose nonitoring device and associated net hod

2. Dexcepticl @fithe/Relatedairnl ess, users will nonitor thei r

bl ood gl ucose | evels nore frequently and regul a
[0002fhan ot Waeesns geary, effors in medisd deviceslor H@mltml%@aéxt%@s% glucose)

in bo%rlgnﬂ{nﬁg té{;\%@lﬁg{%ﬂﬂg&ﬁuﬁf ﬁﬂ%a&%teh HHQ&({S% gﬁmﬁqgéyeldﬁ%g devices

VI Ces are ageous In

and mpptioods chetters adged @deri disbmiiort bind/or pabil Gafplgyingasenitoring methods and
concentration trends, the effect of food and
develppigg éawp%ﬁﬁnéﬁn%h%dh@auewentl@m OR BSIRirGOFHNYAYS monitoring.

Slmpiéigi%{tlo‘fi P hinith gnghl\é&%m gnz{f)?égtursngs to Sdk- {}1 ?ﬁé}ﬂgsﬁgl‘é aﬂﬁ%\@é’ ﬁgxr(])me or in

nuous - conti1 nuous noni VI CeS C

other Névadiotly wimm Kise. helpoof IsBRBArR préfussiciglse A fedatticin@fusans discomfort
interstitial fluid (li'xser;? sanmple froma target site

and/og paig is paticgpaeimpartaat indeyicgs and metbpsdgsigped for hogpe ysg gyorder to

encoxﬁo%effsr&ﬁlgnpa%ﬁa}x ?areurse . ngthoFgl{ tt{l'a 1P Bl%od gfutcgge Iﬁgl)ﬁﬁ)rrﬁll device and

conti UOUS

assoctdiet methdd agasfadvély painldss a8 shll Slicgiilbf thegmldod gtnnd)se levels more
per si st ent blen1s%es can be created at the target
frequentfypandyregyiarbnthan etpyvize.pCT/ US2004/ 018144 [0004] Stil |
needed in the field, therefore, is a device and
associ ated nmethod for the

[0003] In the context of blood glucose monitoring, continuous or semi-continuous
monitoring devices and methods are advantageous in that they provide enhanced insight into
blood glucose concentration trends, the effect of food and medication on blood glucose
concentration and a user’s overall glycemic control. In practice, however, continuous and semi-
continuous monitoring devices can have drawbacks. For example, during extraction of an
interstitial fluid (ISF) sample from a target site (e.g., a target site in a user’s skin layer), ISF flow
rate can decay over time. Furthermore, after several hours of continuous ISF extraction, a user’s
pain and/or discomfort can increase significantly and persistent blemishes can be created at the

target site.



nonitoring of an analyte (e.g., glucose) in a bodily
fluid (such as ISF) that is sinple to enploy, creates
wo edoattorety little disconfort and/or pain in aPCEES2004/018144
and facilitates continuous or sem - continuous
nmoni toring w thout unduly increasing a user's pain or
creating persistent blem shes. SUMVARY OF | NVENTI ON
[0004ﬂ 0005] SHYlsicede ifi ohic fidid, thaefoastis o deviée andashdiated inHihdd for the

npl e and nDnltorlng of an anal yte therein accord
monlﬁoeng pbaunabite &1 gluensehinasadily ifyidisucton 1Fythat ﬁﬁlléplﬁéo employ,

e GTRAR SRR ERAE i L 1o BRI Sbpongysor omi-
contimi noaitblingaithourahdile ihdreasing 4 idetlt pain @y bﬁéatmg:p&@@ﬂeﬁﬂ)lemlshes.
a user's pain or creating persistent blem shes. In
addition, |ISF extraction devices according to
enbodi ments of t heSﬁmY ﬁg{, O create
relatively little ~parn and sco ort in a user
and facilitate continuous and sem - contlnuous

nonitoring wthout unduly increasing a user's pain or
[000; eat i rhystews Sprdhe petrastienpb s bedilyMivid syraple apg mppitering of an analyte

thereﬁ%%?cfrg 8% El%b&él%eﬁ{s%% gl%e pr{egéngﬂl&%rh 10 ¢ zﬂ?cﬁrgn a& %‘ERIOY, create relatively

us or sem-co uou

little gzl‘lﬁl dhd/ot dﬁ@é(ﬁxﬂﬁtt i) a Aséts@Id RcifiditdcoMinGs&3HndREMPLESBintibeSHnonitoring
| em shes. [0006] A system for extracting a bodil

without unduly mersesing A gserisriaoe! oreating mrsaﬁtgnt bletmérea mn addslltxon, ISF

extrac?{%%lg ?n[cg%acicR%i? ! ex%gr%g %’rﬁ % Preeseént 1nv§n 1(&1? lgcré gr}%{ygelatively little
pain £RJrdisdeMoreiich wet StPlacHi®é EQtin@bus MALLRI-cditthuous monitoring
cartridge includes a sanpling nodule adapted to

withouy npdudy 1 marebmug pysdrlsutagh ererpdtmg (persistent Alentigdess é/ﬁqrﬁ@oer methods

sccortf8 i FeyipeepEingertibp iR n Tl of sBRP Sy ERRHIEE withou
undul'y"in@félﬁiﬂ Piser’s PAin ok Cfedting PbicRh BEmime e is in
el ectronic comruni cation Wth the di sposable cartridge

and is adapted to receive and store neasurenent data

e.g., nt signal) fromthe anal ysis .nodul e. .
1000415007} 4AEtehiperrtisahodti§ ol SpBlfeniCugnFig gnalyte threin
accorﬁmg%i bBRSpIRy iR IRRGR 8Pthe r&\éﬁ‘ﬂhﬁ&fﬁoﬁ%ﬁblﬂfé% laQaftilYe (e.g., a

i nCl udes a penetration nmenber configured

dispopahie cartiidgepana a lacajebntgolice magizleq 'ltbse:attsdglamluHMWIaJMg module

adap @ F ST boy R SRl e ACISE PRI Rt e Snsf ) anatysis

modd1 §dapRIIRb ntds ¥ g4 hﬁalﬁ@ e. g”@iu%’semﬂ:ﬂhg @bﬁl)yﬁl'na sample. In addition, the
ultrafiltration, |aser, reéverse iontophoresis,

local ebutealteo podaleiinin demtiopic antmascatiod wigtthe dqpesabteocartrldge and is

adap @ 1R ol Thre Soeabii il s+ BRR ABHDFOSRG A sis module

[ 0008] The sanpling nodule al so optionally includes at
| east one pressure ring adapted for applying pressure
[0007]o t he Thesatmplisgimedhleyodisysitems heeording toi enybodimertisof the geasent

inven%otnecar\{\'gli)tlioenah{) ?ncludes a penetration member configured for penetrating a target site
of a user’s skin layer and, subsequently, residing in the user’s skin layer and extracting an ISF
sample therefrom. Alternatively, the sampling module can employ microdialysis, ultrafiltration,
laser, reverse iontophoresis, electroporation and/or ultrasound techniques to extract a sample

(e.g., an ISF sample) from a target site of a user.



penetration nmenber is residing in the user's skin
layer. In addition, if desired, the sanpling nodule
w@ av4be7oconf i gured such that the pressure ri ng¢Gl/UBR04/018144
capabl e of applying pressure to the wuser's skin |ayer
in an oscillating manner whereby an | SF gl ucose | ag of
the | SF sanple extracted by the penetration nenber is
[0008ki t i gaflbe sarfplf@anodule aldainplianlly inclustes akleash oap prossae ripg adapted

t t t bl f
for appfingEi PO g U56E  FRAG IR HETTB G Tes ar @S s e
penetllaﬁgn MeM&ﬁk'réﬁdlh% b GESs K 1abér. QHHH&M&Q 1f Hé&lred the sampling
mbodi nent s of present invention. Such |SF gl ucose

modulea@nrbﬁtcogmurcpgsucb(tm rthqmsssumtngﬂ@ is ¢cdpablgoé applyingg)ressure to the

, m ati.n cals, the of t tr
user'§ . B i BRI Rt I g loe B T semple
extra&édel?}t ﬂh@@@ﬁe@ﬁhhﬁheﬁ{&@r fé%f@i#ﬁ‘t@@l.‘ ons thereof to mtigate

SF "gl ucose | ag 0010] The di sposable nature of a
dlsposable cartrldge renders systens according to

nbodi of the pr ent .i nvention si
10009 it PERGOTifeY 2 S HES 1o Rgressus HRIsh tiafisAbasie of applying
press@s & A @écﬁl[h@mﬁ%ﬁér BEELISH %:ligcoc{ig la%gﬁﬁtlgﬁﬁ%eﬁéhﬂﬂfﬂ’e@, Rhh B8 employed

cont i nuous and sem - conti oring is
in embadiimentsaif gt pmsehtemsennﬂnt SuebIBH gluoosailag mitiggting teshnigees include

and. the .creation of rsistent bl em shegs.. [ 00 )
the ud3 & Jrg BiHh BFE CHEFLELD fhhoag, ot B Jiresopa négscigﬁue%%%ﬂmcal
F
i, B AR (081 Rl e

controller nodule in electronic communi cati on w t h
t he cartrldge The cartri dge includes an ana

[0010} | & T dispriskla patwg of ﬁélsaﬁ%ﬂbiﬁt@rt&ﬁae feRders é&%?ms according to
emboG i OLe he ngd%#a F?%%P%{Hgﬁ F@lé}p Iﬁ%gg]l'tléﬁ, \?ﬂé}l a?‘faleﬁs%re ring is

neasur enen ana
operagddh tah OEt;lllztthxg rﬁa‘rmby sdcardimgitel the presdnt dieention, candduouie and semi-
sensor . | ucose sensor) conflgured to be at
continuoys fnoa&mm&mfw WsdarlecsipRltaneppslyangligigg agperigain and the
creatluﬁ%F aglgteﬁ{bllaﬁ?sﬁgs one pressure ring adapted for
app §|n pressure’in the vicinity of the target site.
Furthernore, the analysis nodule is configured such
that the pressure ring is capable of appl ying the .
[0014 essurdsystemufor gaenitoriag pp gnatiie heich wh alusese) il Si%s# a user according to
1 I nter :
an enﬂogﬁﬁecﬁ‘? ok the tr«?’sglﬁ? g;{é%l?lggq%%%%g é%]artp‘{i'%e aﬂldea ) zil bﬁ'i!rol!e'r Vt#(giule in

electiohiz coﬁfrmﬁﬁaihoh Mdthe oditrideel THe Sarmdgeﬁﬁctlﬁdﬁslaﬁmnﬂlqsib @fodule for
(e , athin-walled needle with a. bore) 3 WO,
measpytmIitis oryte ap-ic Jood sanoallyr apdulsd P?Igftgu&ﬁ tpggceive and store

. meas&%gﬁaeﬁlf &I’té F}?mathg Qﬁaﬂ@sﬁs x‘?l Ehﬁe oin ?dd&'t?q%r e a%‘fyFﬁa s nRfale ig@ﬂdes an

sequen yer

analy@xdengstt(e.gg a Eg[hcbﬂ:seﬁaffp b@ﬂgn&rd&f) rbe at lea'sh ®attiafly empraatetlum A target site
device_al so includes at |east one pressure ring

of thg wseg and atlpastoreopessuier irgadapted FprARPHENGHPIESYIR @ the’ Figinity of the
targe?ﬁ%p tfﬁgthgl%ore, the analysis module is configured such that the pressure ring is capable

of applying the pressure in an oscillating manner whereby an ISF glucose lag is mitigated.

[0012] An interstitial fluid (ISF) extraction device according to an embodiment of the

present invention includes a penetration member (e.g., a thin-walled needle with a bore)



appl ying pressure to the user's skin layer in the
vicinity of the target site while the penetration

woreowbae797s residing in the user's skin |ayer. A¢EUSEP4/018144
extraction device is configured such that the

confi g{ﬁ%e%élﬁf‘%%reﬁ StF}% ast)argée§ siteRELlEr e Elgﬁ ﬁ’%ey ?Iﬂ% sﬁﬁ%@% K Zsﬂéglﬁlng ina

manner wher

* user’sGkintlayer bftdFexteactihg ae ISH ﬂmp@ﬂthbgefﬁohe HernsSF reatracimnrdmtoe ralso

is mtigated. [0013] Since the penetrati on nmenber
includpsspt least PREPIPHHICHIRS G tHiSE SPRICAYICRBY AZAESHPHRSHIE ﬂags) adapted for
applylf'rg&ee?gtgg Bl e LORF R r{ol'a &R %l{eexﬁélﬂﬁ%bf‘th@ téf?@crsm% r@h]il glil_ﬁ penetration

uring extrac

membexisirésiding in rﬁe viber&skt Ry&l MhledSF extmmbm devitéisaddiigured such that the
since the ISF extraction device is configured to
pressusp HRg(Shis €apablecoti apphingibe prassare ﬁgawﬂl@rlng BBRReTRAeDY an ISF
ile
glucos%rirgg 81611% ISﬁ?a%Lﬁgg ?}?Léhcte thg éér[%graﬁ%r} it Ell ﬁ?lﬁﬁgat\@@
persrstent blenrshes Applrcatron of pressure in an

osci |l ati ng manner by the pressure ri ng 5) can al so
[0013bpt i i PimchE netrajignimaemnbps OQWS;E eﬁtrayﬂ@r QVieestageQidingdo t e

emboﬁgf h t ?li)e prg epglgggr(ﬁ?lgr |aﬂtgeésrlci 1Inta,I ug‘gll %ﬁg (l]ay%r?@éﬂg Ktraction of an

ISF safys1é) rtHé TSF dx@ragibredeads bR Fl% tb BRplop &S edditibn) \siiet tIRIISF
i ncl udes providing an | SF fluid extraction device with

extracéwp dedce estqoz;ﬁgqre@rmpplsaprassare ingagscillpingomaneagy @nfipygys and semi-

COB’[ll}UOH%fngﬂ]aO % lﬁ ze}cslkt Ptga @e tnw!gng%ﬁ%{a?u%% P]QX aﬁng ?nepcrr %1%1‘1 §Eper51stent

blemiSIfRD A héatfbh QR pRX$uT@ it ACbscilRh henh@evy tBe pllerssrme HAMEY can also
via t penetrati on menber whi ng pressure to

0pt1mrzr¢é>1<msleﬂovs tostip ividinityeof thatazget @@:wch alrart i@F ghiaosedag isgpigimized.
the pressure ring(s). The oscillating manner, by which
the pressure is applied, serves to mtigate an |SF

[00149! ucos@ Mo ForlerBradtitly inRRMIiE1 Bl (FSH) @ebopding fean embodiment of the
penetration nenmber and/or to facilitate continuous or

presertgnyention includos proyvidingien ISFhflafl expadtisp dewinp Wathfaqpengigation member

and aﬁﬁtﬁ?ﬁg"?g@ﬁ%‘%@nﬁ?g glﬁgxth%é§er%(§k@ ng)ést%rr]l ac li_i{gﬁ Bressuréj ring and
penetBEe%Q@I thd bEN trhoPREMIbBIGIA L 88 Sinple RahéPExBRE FRon@ RIuRE s skin

the features and advantages of the pr esent
layer wm\thmpemtratwn inpmber \mlmieaappedngapresset@roeh@ wser's skisdayer in an oscillating

foIIo detai.l e cr .0on _t hat
manng Y88 (DS BT<FIre BABOY hETEIIoHRE FUROF B 1 i e Bregsprs fygpplied
served fbvlﬁﬁfg'aférhnqg E olicbdd léggf th%rI§FEzi}ﬁ 18e&Q 1hg pdh@itiod snember
2004/ 07977 PCT/US2004/ 018144 [ 0016]

and/oF IC(Iacmtate crmtmmmﬂ drfsemdrcontopleusi¢xitpction aban SF Saglpéﬁ for an extended

tme FRSRAE A eSRngiiny Bt che net b g £

exenpl ary enbodi nent of the present invention;

liRIEF DESCRIPTION OF DRAWINGS

[0015] A better understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth illustrative

embodiments, in which principles of the invention are utilized, and the accompanying drawings
of which:



[0017] FIG 2 is a sinplified schematic di agram of an

| SF sanpling nodul e according to an exenplary
wepdsediivent of the present invention bei ng appPCEUS1004/618144

user's skin layer, with the dashed arrow indicating a

00583 6T TR O0aT G Pl e LN S B Pooaiy
fluid Supdplé mim@mt@fngmhe@alwe&hm{eﬂ%%rdﬁig% aB ekémplaf diibddired of the

bl ock di agram of an anal ysis nodule and | ocal
preseqfgpYengplier nodul e according to an exenplary

nbodi t4 t he. i nvent. on Fl 4 |s.a .
017" O FIG R gﬁp@fﬁﬁ& ChEmgfc émgrgwﬁf RISk ﬁr‘%g mpylg pccording to
an ex&ﬁﬂbfy%ﬁlﬁfdlmém dehR REEnt BIBRtRnRHe! e@bh&f tollket’S skin layer, with the

according to an exenplary enbodi ment of the present
dasheid rwemmdmatu{g@oa@qhaﬁica mferaqtuoa and thelspkid atows bulicating Haflow or,
b F not.e conttr kh nﬁ gccorudl ng to an
w. ené‘ﬁsé’ﬁ’ﬂ WLABDER fn the PP OBrO PEM™Tnvent i on; [0021]
[0018f! G 6 HIS. ﬁlstacb‘ﬁn ﬁ&PﬁBElt HﬁFﬁéhﬁdf Afandlysis %Rﬁﬁﬁ:birﬁ local controller
cartridge and contr ol nodul & according to an
modubxanepidangyto enbmdnplaryc enpifodithentghepresent investman;on; . [ 0022]

o051, 248 oS AR bl R
moduﬁé)ﬁl%%]:mae%onﬁol'le?tlﬁoed%% &Qgﬁ?ﬁg‘r’t% apl e%‘fn ar}aerﬁycﬁin%ght of the present

according to ano r exenpl a i ment of the
invengiogsent | nvent| on with the di sposabl e cartridge and

ocal ol I er ttached to an arm.of a
[002050024] R aplfiey ﬁﬁfﬂf fiogigi ol molicsqnRllp: mpgHlS according to
§ ccording to an
an exéﬂ)r(l nﬁ?%l?@agﬁn%lgg?%én@@%egﬁﬁgﬁb@esent i nvention; [0025]
[0021f] G 1FIGS6 & aep ppspédtive deemf a)cﬁlspnsphﬂr-: t:amndgn:fandﬂocal controller

extraction device accordijng et another exenplary
modudg SaTHREP agexemplapt @g'éqﬁunpm G ¥ESenf DYoo G 11 is

I
0023, % TP T LA A OP i Bl o pd o
controli@mivdaloofiFIg. @er f usion as a function of time for a

test conducted wusing the extraction device of FIG 9;
[002310028] HEE isaparepestiye Haw i 4§y epmiareasding 4¢ arpiher exemplaty

embo%iﬁﬂéiﬁ %f ﬁm% r%ﬁtéﬁvc'eﬂtl{& QXf H{ tﬁlg %ﬁ?oﬁ%&o&ﬂhﬁgen %r?(glgeﬁgowller module

esent 1 nv
attacl?ddQé/aﬂQﬂﬂzfi'a BéH/ US2004/ 018144

[0024] FIG. 9 is a simplified cross-sectional side view of an extraction device according
to an exemplary embodiment of the present invention;
[0025] FIG. 10 is a perspective view of a portion of an extraction device according to yet

another exemplary embodiment of the present invention;

[0026] FIG. 11 is a simplified cross-sectional side view of the extraction device of FIG.
10;. '
[0027] FIG. 12 is a graph showing perfusion as a function of time for a test conducted

using the extraction device of FIG. 9;

[0028] FIG. 13 is a flow diagram illustrating a sequence of steps in a process according

to one exemplary embodiment of the present invention;



[0029] FIG 14 is a sinplified cross-sectional side
view of a portion of an extraction device according a
wo eoorher7enbodi ment of the present invention: PODBS3004/018144

FIG 15 is a time course plot of glucose concentration

o028) % e B o Tob AT hpcton
devicd &2brdingha fup@BPRSodil Bk khd brsent fifteitsh: 16B depi ct

regressions superinposed on Clarke Error Gids for
[0030t ont r oFIG $F-isy timoe seurseplotief glucaye conapiraticar yerhisdime depicting

| ucpse ,and te I | ucgse rqus fi capi |l l.ar
stucody nigfies peleoubST frowingdt Gy pBoSsokp B HspplR g fisf 157
sampl@§; Percentage bias versus relative time for both test

I'SF and control |SF glucose neasurenents; [0033] FIG

[003118 i s EIG.clpemxl 6B dappet régrpssoas superimpObat e Clarkeokr@r Guds for
f bjas corrected test |SF glucose ver finger )
contrQl J9F elugess Vereys dingsr sapliary biped Plyeess puskiceh IS Figlncosh yerpyspfinger
: r %@%ﬂ%e versus tinme lag for control |SF
capillhy biddd ghicos, Jespe espectively. 6 WD 2004/ 107977
[0032PCT/ USEUGAY7GE 8 plot of PerténthgdbibEzriRisPalhdi (e Téiboth test ISF and
I NVENTI ON [ 0035] A system 10 for extracting a bodily
contrgl I3} glugasepneaspemgnts; an | SE sanpl e) and nonitoring an
nal yt fQf. 0 reqi |
10033872 vt SIS 15 SR fon bR RCRA o Clbihe B A r bfds Bhected
test ISM@lhctde seustiitges sapilley biodd dldgese; bad (enconpassed within

t he dashed box), a local controller nodule 14, and a
[0034] et e FiGn P A1 and A 9Brawpieor 85 ZRMB(G\stersas signei lag fargontiol ISF and

n.system 10, disposable cartridge 12 incl udes
teStléaP?g%ﬁ%ﬁdlvﬁlé" nodul e 18 for extracting the bodily fluid
sanple (nanely, an | SF sanple) froma body (B, for
exanple a user's skin layer) and an anal ysis nodul e
20 for neasuring an analyte (i.e., glucose) in the
bodily fluid. Sanpling nodule 18 and anal ysi s nodul e
20 can be any suitable sanpling and anal ysis nodul es
known to those of skill in the art. It should be noted
t hat sanpling nodule 18 and anal ysis nodul e 20 of
system 10 are both configured to be di sposabl e since
they are conponents of disposable cartridge 12.
However, it should al so be noted that enbodi nents of
systens according to the present invention can
alternatively enploy a cartridge that is not
di sposable (i.e., sinply a "cartridge" as opposed to
a "di sposable cartridge").




[0037] Sanpling nodul e 18 can enpl oy any suitable
technique to extract the bodily fluid sanple

WO p@kaaionyg, but not limted to, a penetration PENIS2004/018144
(e.g., a needle), the mcrodialysis, wultrafiltration,

e o BT BRSSP on e

conbi nations thereof. [0038] Two techniques for
extracting a bodily fluid sanple (e.g., |ISF) that can
[0035he used HytemsHhior eRigaoiing albedily fluidrempleterg.sindSFsample) and

o 58 G0 L LIS Tp AR FRaTB ydfloimenc o

the predeint Biveationdhélodest£diktisaBIE Sartrddpe 1&((&:1@&@5@%@ withifHe@sied box), a
t ubul ar - shaped sem -perneabl e nmenbrane having a first

local eqpdrollgr madwnd4.cand axamofsogoatroligryaedulg 1ows ilbstraisd de HIGyrl.
wei ght chem cal conpounds (e.g., glucose) to diffuse
through, or otherwi se migrate across, the

[00363ENi - P& HRAM €0, REPEAIE carkiRIy8 ¥ linclhdes a@@ﬁlﬁhﬁ% ﬁ@daleqlsqar
geonetry is predeterm ned to prevent hi ecul ar

extramggm bqﬂﬂyrﬂmisamiﬁﬁwmbs a(lé&li: benapie) @@mtaéiqriy)(Bf fop xample a user’s

skin lg%ehf l'ﬁé él&{;lg lf'rﬁ&q% ?éﬂtlgg I at %gr&?xi éSthlr% glucose) in the bodily fluid.
SampFﬁg nddg 0% La3hYsis H&ﬁﬁ] ZO%Ah behhesHtsle d%ﬁfpil'iﬁg Iﬁh& ana1y81s modules

nbr ane materlasmcue but are not limted 0,
kﬂOWp@’ thesy 911 &kﬂl inrthe ext &qupmlpﬂvamotedég@ rsemahwmoéulle l,1|8@19é analysis

modu?eu%(ﬁ?%y t e a lpés u érgxrnléen%lsg%abqg 8#1%62 Q’ﬁﬁﬁfe components of

dispobdbid @a@ﬁﬁge ﬂ@t HO{V'E%ISH RESHIARROYS ndtl Mhat Eﬁ%@ﬂmiéfntsaof systems
user's body. [0040] "In mcrodialysis, a perfusion

accorginlg (e tlmrprevsanmvmmmcan elterhasivielyr anplend cattmidgetthattis notalisposable
. {) I ‘L%Eolutlonflq 1tjhrou&gthel nsi de of the
(L.e., PR CHHESE 35 APPRE W ArafisPaiable caTt i ght chemi cal

compounds (such as glucose) that have diffused through
or mgrated across the sem - perneabl e nenbrane enter
[003Mhe perSaopliog nedulet 18ocan efitpdoyparyfsusatde tesbhigné trextiactibe bodily fluid

a_the seco end, The perfusion. solutio
sanpls JpiT5SiaE S Pt UGk oy Aol Y TEER (el TR AG Ttpdiaysis,
ultraﬁlﬁ@ﬁbrp Fas&r %@fs@ ﬁ&ﬁg% HoPesis2 B cidldk ot ol ultraibain %écﬁmques described

modul é . uItraflltratlon arelatively 1ow
belov(ambcomb'umyasthbeéo)f pressure is appli ed to both the

first end and second end, causing bodily fluid (e.qg.,

I SF) to mgrate by filtration across the

00381€M - PeFPRBLG ﬁﬁg bod ﬁlﬁiﬂ\@érg 1eY(8'8., 131 %hat 2B be used b
L 8saecond end gi? ﬂa%tu ?1 Wesutl CE grafff)ltrate aseady
sampliag glodullesﬁf erthbodifehts roﬁtlﬁ)prmnt inhertioh dinchmalivgf sampdig nwdule 18) are
Si. S
micr ey e AR a iR GB R aiiERimstan e st st for example,
emplGF4 tlﬁ)%lafr-léﬁfﬂidts&nﬁpermeable membrane having a first end, a second end and pores
that allow low molecular weight chemical compounds (e.g., glucose) to diffuse through, or
otherwise migrate across, the semi-permeable membrane. However, the pore size and/or
geometry is predetermined to prevent high molecular weight chemical compounds (such as

proteins) from diffusing through or migrating across the semi-permeable membrane.



catheter or cannula to facilitate insertion and

handl i ng. Further details regarding mcrodialysis and
wa@bkdnaéiortration are in U.S Patents No.'s 5, 002CDE82004/018144

5, 706, 806 and 5, 174, 291, each of which is hereby

[0039:| ul'ly 'Sﬂft%lg QLAL cgm% blre?n I%lé?rl mgﬁ% are n% hrIJmted to,

echni que T or extrac

polyaﬁ@l@hth[w cupophtng rekSndr&te@ célﬁﬁ@ie, pdﬁff@rbtﬁﬁteoénd@ol}%ﬁﬂéne During use,

ugrow des many advantages, including the ability to
the tubrlapseani-permpshle membeaners forrcxampls, implanted dnip the sybcutpreous skin
lmmr%FaHﬁQJﬁ%H wi thout a | arge degree of concom tant

xanple a narromAy focused | aser may be

adapted to ablate a user's skin layer such that a

m cropore is fornmed therein and I SF is caused to be
[004Wx pr es slagnicRuiizlys® atpeefusiopsefuben isgwiped drto dhenfitseend such that the

rocess

pertuliof iilof A0V Hrafih it hd%oof?ﬁebgbm‘gQ\%h?rsggﬂ%%&ﬂ%ae}eﬂolmlaf weight

chemidaﬁéoﬁﬁtﬁnﬂﬁfiublﬁ asglhiédse) @at have UifBRe® thrbhQOsH mikhRe LS the semi-
| evel ength range, optics, and pulse frequency

permegblg lmemba@e pntnaSbe werfaaa@s@utl@m e pesfusionrselision flaws to the second
i Ci.enc ﬁ regard
end. the bEEERGYsofl ol tigeF g it s SRR fofypounds can
then B4 (Pansferd@1@, QR4 /AR YA by bl 4400441026144 Patent No.
5, 165, 418 and | nternational Publication No. WD
97/ 07734, which are hereby fully incorporated by

eferenc ein ng reverse . .
1004§15 ¢ op B PLBTLTR Eionh LA Ghr cpieal B Bropssee isapplisd to both the
B infligrAOeH h
first RbenSecod bl p o (8, IO op gy it across the
semi-pemusbleanersbrahs amkilow It@ymds thy finstyand secaopglene df éaleédnng cThe

e e ASE S 0 BRIBESE BB bl s st

1no¢ﬁ§§®ed with a hydrogel) being nounted onto the user's
In layer in a spaced apart arrangenent. A current
density of, for exanple, about 0.01 to about 0.5
th n_appl i ed, between the wo el ectrodes
[004%y i ca|1f§esue Hae E@au!ﬂr Sb@peasemheerg&aﬁ fodrTEbTAREFAD 4 fged to &
2804 S AR Earkl dial
Cathe?%‘* S Plablap SRABtC B S oh 48 (PR el BEGAAR Bt microdialyss
and ulisaftltratickara il HySPaterfth Dodp |510i0@,954,(ﬁ]7@ﬁ 8Qﬁmrdéh1‘74c%ﬁls exch of which is

the {ontoph ese | SF sanple to be expressed fromthe
herell}’sfépyglcgmof"?t?‘g %%Cguse of electro-osnotic forces.

Adj acent to t he | ont ophoretic el ectrodes, a reservoir
is provided to collect the iontophoresed |ISF sanples
[0043]o0 t hatAndthcyr tecmidue fotdxemqtiegSFywhinhimay dd emplayed Iby sammpling
More details in regards to the us
modulegg il flopmss eka @Sf‘éawée%ewdmt&g@ lfnaltugws tl\bablkty to create

s G50y BB RV DI oo
pain. t Emhaxaqxpk: & aarrewlyrfacised tastiShaybé adaptedyto Iabla’earq)llsel_;i ) elkm layer such
that a\lM mtlcr;opore 1S tjonged therein and ISF is caused to be expressed. Because the depth of
ablation can be tightly controlled with a laser, the process of extracting ISF can in theory be
painless and such that the ISF is sufficiently free of blood. The power level, wavelength range,
optics, and pulse frequency of the laser may be adapted so as to increase the efficiency of

ablation. More details in regards to the use of a laser in collecting ISF can be found in U.S.



nodul e 18 is el ectroporation. Electroporation
initially involves formng at | east one mcropore to
w@2@ned®rer m ned depth through a user's skin | BYEUS20051€18144
method for formng the at | east one micropore may use
. . r
PatenN 865,215 (TR ohA pubiliondfh WOINS4 B BSclcby fuy
incorpdigtedrbg Felprene mginanot her el ectrode spaced therefrom
[0046] By applying electrical voltage to the user's
skin layer that has been breached by a m cropore,

| ectroparati ff target t 1
D R e e R R P
extradt€d @ @aploying RAapkE: ibeulwil 8 hdrayebhhfudreBéOsH afdvefneti 6f.ISF and

A means for collecting and transferring |SF can be )
glucogsr apposg@agiseds simlayedly wainel applied eleeftie patepijal or current. Iontophoresis

L LRSS S0 B 0P A8 o
being@h@MitddRA6 SHel uR6r’ £5kin RSer thaupabddaphit arriiadeaitht. NQ current density of, for

6,022,316, which is hereby fully incorporated by )
examplef dhoeh@01 pepkauh 0.5 is then lappligddietiesentthe o efaeirqdgs. Typically,

XE.[ i ng J.SF which. be .use i th I e
the pefiic B ol oot By wfond Govtsktiy a0 Bisb i o BB Gime nux or
the ioh?ﬁb&@édQSF saiBlel actyse theQiserds kiNMayed) %&a%ﬁﬁc?a?ion of current causes the
PCT/ US2004/ 018144 wuser's skin | ayer. The nunber of

iontophiresed 8% pamaple tabe ¢xpresseteliramithawsstin dkingayier beaapssoisilecgro-osmotic
degcr.eas as _the applicati.on area decreases. Thus..

forceg. pRARARN Fo P oo e Bt s8R ol pRIRER o GGt he

iontopfdrésed PSP HfSled RSthatIRASEHhI HRBuBRGudMtly! andlyLQVbyadalREsaH6Elle 20.
and/or its local effects to be adm nistéred at__higher

Moreidatadln & teigarsls ¢ thie uis¢ off tewerpaiontaphoxgsis sambe faund imPgePatent No.’s

farce oduced 1.0 I resyltin i n .
6,233 )R 6, 2R RbRR AR iererg Bl TspMaTied b Bueiberein
itself, and large |ocalized shearing forces near the
surface of the skin. The ultrasound probe can al so
[00453r oduc Y e @oother teclsiquedor exgractihg I9F whitk sy be empheyet avithesampling
onyective flqws oduced, by ul trasound, This ars_.
mod ¥ fcpleckSnsmiie: Higororsiananitipty PRANES formns ylbioNapemicropore
to a pi&iefiriield UehBGRIoUSH b AsdHslskfSIAMRd ThE hdafd B REmidY He Bt least one
Patent No. ~ 6,234,990, which is hereby fully
micrdpocompynset ldsdryr hedftet wite.eNagt; en plectriogia®]tagesis dpplict edween an

in FlG. t he, particul ar sa in dul e, 18 of sfem
clectipfe pleciricfly gl 1 e e paira i Aot E s apesef Rerga.

a penetration nenber 22 for penetrating a target site

(TS) of body B and extracting an | SF sanple, a
[0046]aunc hi Byappdyoh@elestnica4oliage tatthd ews's skindayep thes bas leeenibrgpched by a

. 28. | SF sanpling_npbdule 18 i s adapted to pr.ovi a

micrqige e RASIRTEHOTURIRCE Cab i FHERStib e gl Wrocihafs Gegesth 4 wrtace, such as
capil BREY & %%Qtl% EfhahBEHERRIRERS AT ?f bi81dical ARAC A ikAls 18P collecting and

nmeasur enent) of an anal yte (such™as glucose) 1 n the
transfe@fingskaklae be poDAdid sbuhdt ASF saeples extiestedrny Blectroporation can then be

subsé%pelgr?thlr auarltaiy(.%gd g}?gI?a?§SiSZI%Oélﬁe 583 E/[otree getiauj?st 2 rgga?dst t%rege%ttrof)(i)rtaﬁon can be

found in U.S Patent No. 6,022,316, which is hereby fully incorporated by reference herein.

[0047] Still another technique for extracting ISF which may be used with sampling

module 18 is ultrasound. This technique focuses an ultrasound beam onto a small area of a



(i.e., penetrates the target site) by operation of
| aunchi ng nechani sm 24. For the extraction of an |SF

w@200pl1@79fT om a user's skin | ayer, penetration PEMIS00L@18144
can be inserted to a maxi num insertion depth in the

user’s rsﬁﬂ@fyep EV ﬂml% %?Bgig ’éec]egé)r%mtm the ﬂmas ‘thédtl‘aﬂ site decreases

ration ne conlgure ptimze

as the eplicatién £18a @dcreuled. Fhus AP lapplidatlan oﬁﬂtramndm owery small area will
sem -continuous, nmanner. In this reigard penetrat i

produgedagsesensation el Wﬂbqﬂlﬂfﬁéultmmunéﬁaﬁ/ﬁr is logabaffests jg be administered at
hlgherfﬁﬂeﬂs@?g \JVlﬂ% ﬁft p'é e(?rsqlgctoﬁl%%l)\qug fgﬁ?or(:%o#acr u dc@ctl E)'cgﬁ’y resulting

in caviR@ishs) rﬁedﬂaﬁﬂ@ﬂ&%&ﬂbﬁd}mﬁﬁ fhd dkeén Nedf)hed Brgdeilpcaized sivaring forces near
needl e's heel. Suitable needles for use in

the suff@cmf the skim Fhelsnspuad perbeicar alse Prasucpreouslig streaiping, mdwch refers

re de Pl cal i I '
o e g 5551 Rl LGB RE s LU Gl e e
of ISFlra&ont Wdre deROE Q] rekardp edriin@sdiid kambes found i @S Patent No.
optionally include a hub (not showmn in FIG. 1 or 2)
6 234,& ,rvduﬁmlsrhgrebﬁﬁﬂébﬂat:@@ﬁraﬁpémy@ﬁfez@ce berei-a hub i s
configured to control the insertion depth of
penetration nmenber 22 into the target site. Insertion

[0048Flept h p@@tpielked s@RI(D L, BRNRtlicilalsatpling@odiled8f tystah 01,
of an | SF sanpl e by pr eventing inadvertent [ancing of
howe\tﬂrm@clSEépmphxw medule pt @whaieé a pmtmg owmben 2 for penetrating a target

/
site (15? Hstﬁg?lg %Pdc':fiﬂ% %E@f‘t g In\ré:g né r?e:czlg 1't51[ﬁ % 35E 1edst one
pressur® kih% ng. IScF s’tﬁlphﬁgtrﬁ(ﬂﬁleem ik Sﬁaﬁ@d%' Rovidé @gantiigioas of deeni-
pene

rati on nenber or clogging of an anal ysis nodul e

contumyus Bowed ISIermalysis m@ulw&b@t k@rm@@mmg&%eg sprcsniEiope

n I d| erienced by a
nmamgggpngﬁ€$h@mﬁ§e@8$1§ P%ﬁ$]8%Hf§%%?f$Eﬁch a hub can,
in addition to controlling the insertion depth, be

| ocked onto (integrated with) a pressure rlng after .
[0049] aunchiDuging ﬁlseaomufﬁtemr Je&, p@mtmm srembar22 isnsesied yrio s target site

e RBBEASRE U8 B S5PAE F L BEBRSGYS ol b ot

ISF sérﬂ;lﬂg %hp@uﬁe@tsﬁnq% r&he@ﬁﬁﬁﬁn@iﬁ&r 23 cén BE BfEEHEEtord Mgkimum
owi ng | aunch of the penetration menmber. [0052]

msertmmdq:pthgn iy @g@ofdémeamp ealtf i ig 3 merg h Anadddition; pgretration member

22 capfe o ”C'déﬁ%gaw%i% Aty B3SF sndane B RRer s continuous

manné@Th rtlug%% p&Xetiafion hiGder 2DB4M iatluas, foDekahIel 4 25fgauge, thin-wall
system 1 Furthermore, to si mplify errpl oynment of

stamlsgsﬁe@hneﬁdlet(yot showsdn FI@,% rysiri2) gflﬁh@dmntetlp,svlteaﬁn pulcampfy the tip

t .Lh d
bend iRt SR AP Rl b Bk R AR SRl pepd 80t o in
penettdtioh Indnfoeds accbrding tortReiebsht iriveBedn zifrb describb@ REUISA Phtent Application

menber 22 can be arranged concentricall 1\(1 within at
PublitasipatNa A H034¥60E4 AngUAB Patent Application No. 10/185,605).

[0050] Launching mechanism 24 can optionally include a hub (not shown in FIGs. 1 or
2) surrounding penetration member 22. Such a hub is configured to control the insertion depth
of penetration member 22 into the target site. Insertion depth control can be beneficial during

the extraction of an ISF sample by preventing inadvertent lancing of blood capillaries, which are
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Pressure ring(s) 28 can be of any suitable shape,
including but not limted to, annular. In addition,
w@e@gseme7 ri ng(s) 28 can be configured to applBPCHIS2004/018144

oscillating nmechanical force (i.e., pressure) in the
located] r%jgﬁ{fély Qé;p ih QEJSEI‘% 48k ﬁi/'elt g.g%@xetse%ytegﬁﬁﬁﬁ?ﬂgt ! ggﬂggﬂ%fouling of an

extra@&CISH sainply) cbgghng ef ﬁiéfpeﬁ&tedilohhﬂ@h@ﬂ ot bieging 00 hin ana1y51s module by
b|a5|nﬁ el ement not shown in FIGs. 1 or %, such as

blooda (P glgonseﬁlqned fepth 2orelis) setvie. to THBimize prik and/ondigcomfort

func ressy ihAg(s) in sanpling nodul es
expertegﬁ%cf user f]\}réxg% bRt 3&}?&%@) according to the present
invention are described in nore detail below with
respect to FIGs. 9-12. [0054] During use of system 10,
[0051pr essuiSuch h hyb 28, i addifior @d:omoldlhg thei 1@$€ﬂiilmyd¢1ﬂh,th¢é00ked onto
te TS or, to trat on of t
nieg ¥ SobsSratipEpahmbenBEDE o pihesloR meies pdd B sty as an
apperk'ﬁg‘é of5thé bfe@sdr@iri % ARe@htivan Sth@HubSﬁsfelfQ}‘én be cohfhirtd ®Sserve both as
he user®s skin Tayer and prevent tentin t her eof
an 1na¢man@pﬁ1eqq>gtrphmﬁms amgj ag h@rq@s.netmgtfcplhgvmg ¢h of the penetration
ternatively, stabilization of the user's skin |ayer
ior to penetration by the penetrating nenber can be
achi eved by a penetration depth control element (not
shown) included in sanpling nodule 19. Such a
[0052)enet r sAlibongh Emr rz dapidts bionching mlm@@m 27oeing included in sampling

modugeh}é ;JSZO /gl%#g é%gﬁgtthrgagﬁ eggl? %B%sagle caﬁrldge 12 orin

local kbﬁf}cﬂﬁf moBéle 1%%&&&11 109 Fﬁﬁﬂﬁh{o?é k@ﬁn@ﬁgt J&n?l%klﬁ@nt of system 10 by
referred to as insertion depth). npl €s o

a usep emepling modnlelép tin befontned ks &l mmal :pala nﬂ thelmmilysis swodutes20.
described in U S. Patent Application No. 10/690, 083,
which is hereby fully incorporated herein by

[0055] ef er eng@rdel o Hedidte ﬁw etx%ctﬁﬁlrkﬁtarb%ﬁil ﬂu{r?e(g%%trlﬁg)aﬁoﬂefhe target site,

mem

[Ffaunched coincidentally wth applicatio
penetpatieasueneber 28 géshe bimartged cmntrmals];j(wnhinaa} daast Qﬂa:epr&syre ring 28.
enabl i n i ficatjon of fhe |aynchi hani s
Presstlffdwﬁ%%én b@ BB patRse e DR B ISH fhe Rt r. Tn
Ly
addltﬁ’ﬂ e\lﬁ%ﬁr@%f%s) Z%tlﬁgr&%%nﬁ@hgg{r?e@?l Inodrggi%%ﬂ%%ﬁﬁgﬁﬁu&[‘ frce (i.e.,

pressnees irdihe vfoumtyeofalmtaget gite while the pendtiation despibier isresilimg in the user’s

nge, of ab mm t.o bel.ow t h urface of th )
skin {qgg %é\cl% R?"H at‘ogfé]il bgftclpﬁvg%ttgt}%gl} th§|u§eeofe arﬁl@mag g@ no? shown in
FIGs! 1 B82)S Qucﬁ%& ?ngl %3’{) n¥10 bfoQ:kC O %riddfre YR8 Furktivk 'of‘a pressure

l'ayer ovvnvvar poi nting arrows of
ring(ﬂllﬁasalﬁplmgmbdmeae(asdl iSEeﬂralcﬁFn devitespaocoriing toythe presénd invention are

target site.. A sub-dernal u gradi ent induced by
descrﬂ‘??équé’é%é‘?t%ﬂ ﬁ?lﬂlj(‘@} reapoct KNGS/ 90201 ¢ in flow of I SE
up the needl e and through the sanpling nodule to the

anal ysis nodul e (as indicated by the curved and
[0054ipwar d Paiing use@f aystawd 0ofredsiie rir) 28 ik @pHGdd ih Hie ‘fik:'mWy of the target

site %pgﬂ?p&qen enet ! g%lgtgrggtesr}bfe% psenggaetglnemérﬁbesr ligj n order to tension the
user’s skin layer. Such tens1on serves to stabilize the user’s skin layer and prevent tenting
thereof during penetration by the penetrating member. Alternatively, stabilization of the user’s
skin layer prior to penetration by the penetrating member can be achieved by a penetration depth

control element (not shown) included in sampling module 18. Such a penetration depth control
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time due to depletion of ISF near the target site and
due to relaxation of the user's skin [ayer under the
w@em@gaene7 ri ng(s) 28. However, in systens accopdi/nsRopg018144
the present invention, pressure ring(s) 28 can be
elemeﬁpx%kljs %ij “ﬁ&tg”tb% tHe Eﬁrfa%e %% 't}% L{S@fy§£klh giyéln ahl® Qétg L?& hﬂl?e for
eterm ne ressure rin S

contrcﬂl)m:g pemgtratdmt deth (talsovkeﬂei‘re@td)isaﬁgbmﬂi(m aldptlg @x@h‘lpltg of penetration depth
routine that is controlled via |lS

controhglements and dheireperagedassrkad inyH- SePaftﬁE ‘Aﬂ’@HS‘EtPOé‘t N %&OW which is
hereb*gnfullyr 1ﬁc°‘drg(? g@d fllpreﬁx{]@étéze?gnq@n ﬂ((liceglr{a@Xﬁ péélgtrgtﬁlcgieﬁ‘leﬁlger can be

rmze

launcidoinidentily ofithppication dfthapreacd fidgls)ito thewor e kin layer, thereby
there can be tinme periods during which the pressure
enabling 3| siraplifigptiomef e damghiagmeshinsmi s varied or the |ocal
pressure gradient is renmoved and the net outfl ow of
ISF fromthe user's skin layer is elimnated. [0057]

[0055Fur t he 0o Benchration MbBE21 he bapilauaétied@nd Bhs Penetrated the target site
plurality of pressure rings to the wuser's skin |ayer

TS, a mpcllm@owlwm myFIGs } or2)tof pepeetratipn megder 32 wilkresigle, for example, at

ntr flo F thro th
an 1nsgﬁxé1nyi§p rfuéé% g a&oﬁ 1ri$ E@? gelgﬁfqu gunr;f/‘a%g I%?} glr? user’s skin
layer RQhé tadspt Gite. tTIR pté@%ﬁrémﬁé(é)wﬂ aPYBEs/apphy AfeEled orPthe :iSéi! sskin layer

By allowing a user's skin %Ier to recover, the
(lndlcaﬁspl by ¢l dayynvestrd ppiating peows Ofa G.@3that p@sw@eﬁhﬁq@ﬂhﬁ‘av@mlty of the

targetgﬁta " %rsua bdggr%nﬂ?pg?s%ur% ngiet%lj %%6%}3 %% .P,}ess re rlnléfss 58 %es%ﬁ&/?esult in
flow S1GSFUpIROAeaAlGhd4hrofbh ﬂfé@hﬁlgﬁﬁgﬂfmbﬁefﬁé tHei anhlySit nesdules indicated

appl ying pressure ring in an oscillating nmanner
by the @wmndup%rcbpwnmmm ¢fi FIE. 2) the di fference between

gl ucose concentrati on |n a user's | SF and gl ucose

concentration in a user's blood) is reduced. [0058]

[0056PCe apgr N5RdhRdugh APeRIitRBBA knemb%pk ﬁéédﬂ@ls suBRcEtipotetlal decay over
in the art can dévi Se a van;@g pressure ring

time «h;edb idepletieruef INEnicatthe tasgetwite d@dg crelaxesmnglf @m@@r b algin layer

B TN LA T N—
rmg(d) beghSbe dfpledio R uséie%l&y Berih-a8 oscﬂlé’t%ié mARRE (SHCHith a

hat pressure is applied t0 a user's skin layer in the
predemrmmﬂdtpyesstﬁre aingfsa cydinggputile drovithea pressupring cyqllggf@xDlne that is

d tract ed
cons 3 Bt o 8 HheniP R a0d HeatadS i i BegCupa agmpey i
residinB$n #RQkerSs skl RiyéAM Vkder k@ midnRR ISEH JvAd&aP I 4ddfio?) during
seéconds to 3 holurs. Mireover, it ‘has been determ ned

applicatian of Sresgirefoaeoscilipting thaanersthetescan baitimeciesiodsriiening which the

e AL Ho S S5 RS 5 ALyt BB Mnoved
the nétbut ity YRISHréth theBaeh s 0 1@/@?@%%&@&@9 i s depl oyed)
is in the range of about 30 seconds to about 10

m nut es and the anmount of tinme during which pressure

0051 | o5 R dp ltetneling e Ap1CHon B a PR o BreiSisk Rfes to the

user’s skin layer in the vicinity of the target site can serve to control the flow of ISF through the
sampling and analysis modules and limit the time that any given portion of the user’s skin layer
is under pressure. By allowing a user’s skin layer to recover, the application of pressure in an

oscillating manner also reduces blemishes on the user’s skin and a user’s pain and/or discomfort.
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range of about 5 minutes to 10 mnutes. A particularly
beneficial pressure ring cycle includes the

wa@ppkiteari on of pressure for one mnute and t heCT/Ebmage18144
of pressure for 10 mnutes. Since different anmounts

f.t1] e used f and easi ng . SS
An acfohaPRpdic eHE0 o Pop B AR 3O 28T A0 Bk BR R is tha
ISF glutdd@ 145Y@ .k S thel (i8Bhcd Bedwodi Buddsd Borickhtratitth ih QUisbNEBFeGad glucose
be devised such that the fol | owing concerns are
concepigationde @ us¢rs blped)iintpdubrd. pressure ring(s) depl oyed for
a tinme period that is sufficient to extract a desired
volune of bodily fluid, (ii) inducing a physiol ogical
[0058) €SPON®RCcS Airised bf Gx@b@e%eﬁt%fscl&hféc 88EsKiB&H inahdlart tad devise a variety
m ni m zi ng user disconfort and the creation of
of preprnrsiing eyeling ratinghthet serve togediice |I$>F1 glupewdsg;raslscx ﬁgam/dlscomfort

andiof iRt PhrstiSen G GeBRaet i £rabl. B BreXbit fely gp can be

depl ﬁ‘éﬁa(‘ir@l BosifRl ¥udipthal fedsafe is Epﬂfé@]to Bh@&%&ﬂﬁ’n Ia'y@ﬁﬁstﬁe ¥i8inity of a
an be formed of any suitable material known'to those

targetcsfte)sﬂor h periadoftfieen 30 tsecofds toekborp$ and ¢dmdhm besm@m@ed (i.e., positioned

such thgtt;géqsgqe%ss n(i():t f fr}%gerp% gc? oY gﬂ%[r 5| s#mel@%qj %106 a perlog ranging from 30
seconBE{oYd R, ero?eobUIt ?t‘ﬂa@ B@ensﬂét'érﬁﬁ‘r?edRHQQSF %ldEBEéelrag @hd a user’s

I njection nol plastic material, polystyrene
pam/dmk)mfom hre sn@nﬁckandy redhobd when thesmober efdime dmg)whlsh prassure is

a e .conposed of relati.v
apphqde@?» ﬁ)@ﬁweypealgﬁﬁﬁaw icheAt Lrasta0e BresspLgdinegs 333'}%%%8 in the range
of abél{t %%%nﬁ@to abbit i@nﬁr&@é/ ahfl (R dm Sifnt 6%@%419é Sk pressure is
astomeric materl a polymeric materials,
releaspd (iyeLirtbd timp@eriod dusigy which dicent leust @ plb$uresrmg is mttacted) is in the
mat eri al s, or conbi nati ons there Anlnterl
range g 8oy raﬂ@meﬁ&an@ymm%s p%@grélﬁvléﬁy ngeg@)a}ﬁ@%ﬁ rigg cygle includes
the a Xat d;f edsSure FORH minfE! Q'tﬁkgr&p:ld% eés{n‘@ 280 Ifnutes. Since
square, trlang ape, hape,
dlfferbmaagmnml of tmwmgsmﬂzﬂor apypdyiog embicleasiag psetssme suchaeggle is referred to
When pressure ring(s) 28 is being enployed to mnim ze
as anP@lﬂ“fl?tHﬁ/PEFéﬁlgfrnaﬁ&Yﬁ? control the flow of |ISF through
the sanpling and anal ysis rmdul es, penetration nenber
22 remains deployed in (i.e., residing in) the target

[005%i t e of Rrbsutesrinig oyclikg mdtmyman\fdeldeelsédlmththaishﬁ fallowmg concerns
28 is/are in use, However, when pre

are bfﬂ?‘%ﬁj%s(;) heging;the pressige BREELIRRYES foria iga Perq at lélsﬂiﬁf‘&?é‘t to
skl O AAEE AR G2 LS s 58
glucose Bighania@iahinithizinemnet diatdnefortradiier créionar persistant blemishes. In

either in_or out of concert with t cation of
additioneRIssHues HRE EITENHFALIDET %anrqlwgl(esf}ewzbsg iq H@ggﬁe Ipssemi-continuous

analyBOREdch e th%} (Sc@?rérﬁﬂ eﬂlmhgg Ais g}V Fg é@nut{,gje use of

pressure ring(s mti

[0060] Pressure ring(s) 28 can be formed of any suitable material known to those of skill
in the art. For example, the pressure ring(s) 28 can be composed of a relatively rigid material,
including, but not limited to, acrylonitrile butadiene styrene plastic material, injection moldable
plastic material, polystyrene material, metal or combinations thereof. The pressure ring(s) 28

can also be composed of relatively resiliently deformable material, including, but not limited to,
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gl ucose | ag, various enbodi nents of inventions

according to the present invention can enploy other
wore@ngofor mtigating | SF glucose | ag, such aspCT/082004/018144

exanpl e, a chemcal neans (i.e., alag mtigating

chem ¢ ul trasoun at, vacuum.
elaSmE}eQSP}a?e& a5 PETICEE m"’g‘?’“ PE@H@W&?P@? Pridlfe Pé’z%?"r maiegals, sificone
materﬁ@sfkﬁrc@bbnﬁi%ﬂs fileas for mitigating ISF glucose |ag are
hypot hesi zed to increase the perfusion of blood

and/or ISF in the V|C|n|ty of the neans used for

10061 o AneripEoRelitic i e BNy P e e Lo R iy piable

shape! ﬁh@ludﬁ%‘b‘u’t h&NahitQto! &t@iRf sqﬂbﬂécﬁﬁxﬁg@&t ‘@eﬁﬁ Pl@gﬂaﬁénﬁ’exagonal
064] A chem cal neans may bé used 8 n1t|ga e

octagglalllemis@endbtedShalbﬁ chemi cal neans involve applying a
lag mtigating chemical to a target site (e.g., a the
user's skin layer) to enhance circulation. Exenplary

[0062?‘Eids no 'Wlﬁén'BrEésﬁ& r?ﬂg% 1283 béiﬁé‘%?ﬁ)?& W inGlimERISP ?Fo(;vode'éhy and/or

function are c psai cin am ne, natural
controiahet ﬂow ob I:SHJthr@fghl the mmlﬂmglaudanhiyms:mlodslak fpanmatlos unmhnnhm 22

hol di
remaigs SPGB Fidhi GHOPREBY (ot SISORRE HE S BB (hé pressure

o5 B ORI 38150l 5 sialptfU) i

glucoss, 125, th® BéhetratiobmtRHeD2Bcanihieahitantly tesidely thernser pskinilae'dr Such
. b; r ef, enc herei n), are sui bl e candj dates for
intermifignt FRISRTER 0T e Qe Ridpn BREUSE 8 B R<aE efUhRr 4n onoptgfponcert with the

o dFS: ALY o o g e

chem cal neans. In addition, an absorbent materi al

such as fleece may be used to facilitate the agunt of
[00633 heni cAn adddemto, Rhacan Alemabipe (o die yso 06 BIesyH® HRgLS) fok gHgating ISF

gluco%ﬁag,&a%&%%&hﬁ&dn% Iis%lf Yt{@ﬁﬁod 6rﬁl ges ) mg%e'h{ ﬁ%ﬁ%{ﬂ)‘i{l can employ

ve t
other apfahd foRiitigatie ISthtmaullag, suich ax, tfcaregempm h ehdwyicpl mednndi.e., a lag
an ultrasound probe adjacent to the target site

mitigatingchemjcal)s g],tragoglrgl, weptgxygga} megnspheat, ﬁ@c%pqu,| e,l%qtrubpgentlal ora
com 55 RS DAY el LA ARE L B R A bl ppsisd o

incredsSthepenfusiona df dhodl imdf@IBRIEM tlﬁlﬁi)@ﬁhlt)rmﬁms meahd esed for mitigating ISF
mtigating glucose |lag, the ultrasound &rob can then
glucoa‘bbgy By in@ezsing the docglized giicplation pbbriilyfuig, this Jacseases the

equit¥UfER A8 oBLERALETbch AU IS ar ISR pr e-deter nined

tate e extraction of ISF. In such
an enbodlnent the wultrasound probe perforns both the

functi on of mtigating glucose | ag and extracting | SF.
[0064iu r t herA gamicaldneang mayibsgised opitigatsglucshliiegduch ghegnirg) means

v 7 M o AT o 59 38Rl
enhance circulation. Exemplary and non-limiting chemical compounds which can perform this
function are capsaicin, histamine, natural bile salts, sodium cholate, sodium dodecyl sulfate,
sodium deoxycholate, taurodeoxycholate, sodium glucocholate, or a combination thereof. In
addition, all skin permeation enhancers and combinations thereof which are described and
referenced within U.S. Patent No.’s 6,251,083 and 5,139,023 (which are hereby incorporated by

reference herein) are suitable candidates for use. The chemical means may be incorporated into
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[0066] A further means (technique) for mtigating |ISF
gl ucose lag is non-oscillatory nechanical

worewipeioat i on. Such nechani cal nmani pul ati on caPCT/nsioodels144
pul l'ing or pinching a target site, adhesi ves whi ch

brin a ut t ar get SI et b
an et BraodLTF b & i diistpktitatin RGP Rutied mosas. In
addltlHﬁ‘* ea'h a§so?f$é1ﬁ maAMNSl s&éh 8- ﬂe@é@ﬁ@ﬁb@ﬁkﬂ't@ AR INE Hhount of chemical

Mechani cal neans for mani pu ating target sites are

meangiwbichiibappliedh U. S. Patent No.'s 6, 332,871 and

6, 319, 210, each of which is hereby fully incorporated

by reference. [0067] Yet a further neans for
[0065!]n t ' gaEAnB%thiéﬁﬁ’ssf%r hﬁﬁgdtﬁgtlﬁe ghiebseQhg RGBse ﬁl‘&a%ﬁ‘ﬁﬁ Ultrasound

a heating probe (e.g., a resistive heater) can
lag mbgatmg)lecmdquas invdleg @etaplslmaeorq sﬁdl:rasxmnd toi8 ¢arged sk byplacing an
ce t fI ui ds.

enh
ultras i S0t o el B et s s SRR LB ebla faplying a firt pre-
detenﬁfﬁ@h @Bt (ﬁsult?asti@ﬁ’& tostﬁé‘{a?%t sﬂt@ca%k'é‘srlo@dm%jh g%hléh in turn helps
enperat ure probe can to ensure that
mmgap ﬂﬂlbglnc@aéag nﬁmmttamfenﬁaednnans afqx midigating glheosa é@, the ultrasound

| a such fhat, t he, treat nent
probeyaih ten AP, FPerynd DieHsterTingd Ao B LSOl b V. ereeic) than the
first ;fr@—h&%ﬂn’ﬁﬁéd’ alﬁ&?ﬂtt totfaflﬁta'tenﬁlg Eﬁ’tﬁ{ctmﬁ 'of QSFI fiSsuch Qﬂ 'Bm'l_bodlment the
m nut es) . geher a must be great er
ultrasbinaiprélie pkrfdmls botdt the Ganctibn ghmmgahng ghtcos;dieg andexttasting ISF.

skin er vv|I bur tails re ) €,
Furthgylofaile it plrssind e T gedn U ol 533,975 and
e h of which is
34581302 Rlch VP whikafl e Rl A forf 0 07 derchBE” 05 Vo
2004/ 107977 PCT/ US2004/ 018144 [0068] Still vyet
anot her neans for {ﬂtl gating | SF glucose lag is the |
006615 of A fEbarmens teckyiip e m%ﬁ?ﬂﬁ%w‘%%&‘“ﬁ‘éﬁega%’tsﬁl@wﬁCIHath
S . -
mech%@?%?ﬁa ?Putlﬁla)ﬁl %@%ﬁcﬂaniﬂ?&ﬁhaﬁgﬁﬁgﬁﬂﬂ é:gﬁégrf u&l&%ilﬁﬁ dr Pinching a
target&ﬁiﬂ; ddhegivestwisick aring abqut eirgedefie streteigag by mepiisasfpuiling, and devices

ource which can facilitates | SF extractio froR}E
for lmpartg&wénatl@n torfhe usgs R S<ERlYBAL %fp%ef‘}atmcmnfﬁ«c echanical means
t 19,210, each of
i e i g - T
whicli BGB&Dy Sliy incypbratad byhefereneans for. mt | gating | SF
glucose lag is the use of an electric potential. In
such a circunstance, a pair of electrodes is, for
xanpl I t t e h
[0067? il z‘getl;asfjlgtél% er it flglfgl%.]ﬁ&s%l is etﬁ(% gs;%tolﬁrrlh%tathé such means,

a heating piobe @d.&.5a ﬁa&tttltfe h@aﬂﬁﬁ, can’beaappiayd tot dtatget mltﬁa@uﬁsas a user’s skin) to
circulation and mtjigates | SF glucose | ag

007
enhangeth ¢irgylption oﬁb@ﬂssﬂuléﬁaf\;ﬁ@mgtlmm@n@e-red 1539 SQUIRS 94 be employed
asa He%oﬂ ]SEII? ich net vvorirﬁp 3 6?{]%%%&%2% > & ﬁe;‘/ﬁs%? Yo éHsul.re that an

apprc@lrle’tetammmt oftlonat Bippli@DH. thdasel's okin layer such that the treatment is

comfortable to the user and that the duration of heat treatment is a relatively short time interval

(i.e. less than 5 minutes). In general, the applied heat must be greater than 37 °C, but not too
high such that the user’s skin layer will burn. Details regarding the application of heat to a target
site are in U.S. Patent No.’s 6,240,306 and 6,155,992, each of which is hereby incorporated in
full by reference.
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m cro-fluidic networks 302 includes a first passive
val ve 308, a glucose sensor 310, a waste reservoir
w@1im4/1a793econd passive val ve 314 and a relief REI/US2004/018144

316. Mcro-fluid networks 304 include channels with a

cross-sectional dinension in the range of, for

exanple, 30 to 500 mcroneters. For nonitoring (e.qg.
[0068I'eas ur SHl)ycOinotRs theafs for bli %ﬂtiﬂg I$BElueasgIhg is the use of vacuum. For

plurality (n) of essenti al Identical mcro-fluidjc =
examples YesHWE caohelp sireish pddraetisitg (&ush s a yegrsokirpleyern) véuclsogym can aid
L1 but i

in mltlga ng %Zélﬁg?slgg? e llgssglcléglnytg? \V%w\lslu r%vi%g? %n?%ailé@ p{)es§u%] source

whlclﬁaaa faGRIGRRUSIP 3%edcYien YidhiBe galéet 36l Thé ShplRhtiMPIMMRCRLS to target
are configured to contr ol

flow through analysis
stes idereribecb. USoBatep! Dngs (L1 265% whighuie berebs wsmorsierbinull by
referet heose of skill in the art can be enployed in analysis
Abdul es accor di ng to the present invention. d ucose
sensor 310 can contain, for exanple, a redox reagent
system i ncluding an enzyme and a redox active )
[0069% o rrpo uitillypt butheymganstfor mighcating 18T glueqse ddg idithef use @i an electric

pocn IR0 BSR4 T bl M BT coment
a targ@tﬁ@t@ﬁéd%ﬁ%@ baﬁEefTQ skih 14%8H) Th¥ chR et afiieate S RENOSUE hAd Bssues in a way
i met hyl - 1, 4- benzoqui none,

that eghamcess @mubﬁlonandnb@ﬂi@dﬁl*"mse legrrocene derivatives,
osm um bi pyri dyl conpl exes, and rutheni um conpl exes.

: Sui t abl e enzynmes for the assay of glucose in whole

[00709! 00d | REGLHER. (o DY, ﬁ%ﬁal?ﬂj rdoumetzmaftsgstexalmca@a@déw d@afBution ring
and 16 WO 2004/ 107977 PCI/ US2004/ 018144 dehydr ogenase

302, g plotahityNiDnicnat 1P teaweds 300ahda phudity af eleetrmalwpntaaty 3pé. Each of

TN e TR T
resermoﬁ@h 2k&onll gggsﬁfes\)alve@ 14 %h@ AlelfRVhRES 16 € Micro-Thall abikdrks 304

|'or 1 de, magnesi um chl oride); surfactants (e.g.,
1ncludérahanmls Math alc;rosiesba:tmnabdmﬁnﬂuomtn cham;gle of dnveRimple ﬁDctt) 500

i B e B o R B, ity o

of ess%hﬁﬁmélﬁﬁﬁﬁmw?@tfluﬂilé‘ﬁ&%rk@%’@ﬁ Qh1s37ferketl B1s sensor branches 304) can
el ectro-chem cal based glucose " sensor, glucose sensor

be indddedaannygysis odulr?Oe [Dastributoed ringi30% rﬁlrst@:a@md valve 308, waste reservoir

response to theg presence, of cose iLn an | SF |e.
312, eGRti PRONE PO i ATLe wlee L4 Heorigurdie puSISE sfow through
analy@ik%ﬁid’hleoﬁ current signal (via electrical contacts

and convert it into | SF glucose concentration.
[0073] System 10 can be enpl oyed for t he conti nuous

nd/ or em co uous sure
1007 o R PO GHICOR mESTTG VA 1 idse i SR gt pg employed in
analySis niBRfufes actBUR g% the PREVSRNDLARRN. StsRs %&Sﬁﬁ&n%ﬁﬂtﬁm for

can be econom cal Iy "mass- produced provi de an
example, a redox reagent system including an enzyme and a redox active compound(s) or

mediator(s). A variety of different mediators are known in the art, such as ferricyanide,
phenazine ethosulphate, phenazine methosulfate, phenylenediamine, 1-methoxy-phenazine
methosulfate, 2,6-dimethyl-1,4-benzoquinone, 2,5-dichloro-1,4-benzoquinone, ferrocene
derivatives, osmium bipyridyl complexes, and ruthenium complexes. Suitable enzymes for the

assay of glucose in whole blood include, but are not limited to, glucose oxidase and
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accurate neasurenent signal for a lifetinme of only
about one hour. In order to overcone this problem of
wo pevstied7sensor |lifetime, a plurality of m crorP€T/usm04/018144
networks 304, each containing an identical glucose
dehytﬁ@@:?l%e (%&:H NADCRTY0 88 ). ”oéh@?k {aﬁcé'é[lﬂé’cl 8'2& Sprgé%ﬁhn the redox
hese gl ucose sensors “is enp oyed I n a consecutlve
reagemasyatem induge bufifetngragpnts Geigusitracahiate; cietd, matiotmalioymd phosphate
eriod of nore than one haour. [0074

rin for
butter R SRR B SHCR s G & mgengsieR chleride)s gurfast&e (g
1| dsf&l fo 4 )(e
Tritog, M FeRobE St 2l andpionich 10 B IBAT: dRHIS ¢ g, albymin,
sucrogy, tiehalese, Haanitsland éawdse) e use of identical glucose
sensors can be inplenented by guiding an incom ng flow
of ISF froma sanpling nodule towards a gl ucose
ensor j
[00723n terr ug thl%n%% ﬁfs‘ta %{:ih?f%l%osg 'sc%ﬁ:s {éfq S%ﬁ?gcgé r%nz,)mlcal t()]ased glucose

sensos,vglicobd sensdtB10l @h pidduee hmelaétﬁbiﬂ&iuﬁ@hmg&mn 1B§PUBSE to the presence of
Thi s consecutive use of glucose sensors can be

glucose ek Iol sampler Logalirogirplie srodydsmtbean thenregeiel therplegiyical current
s R 305 DD 0 KOS SIS ©
accorrpl i shed, for exanple, by the foll ow ng procedure.

pon initialization of anal ysis nodule 20, an | SF

[007-9 anpl e Sypism Khensi herrgnmlexsdifer the cprtinsioys pndjersemipatinuous

meas&%ﬁlteﬁf @&gtﬁﬂn &%h?c?)g? @r_anl IgFﬁ%?lEl%g{) car?&f(%%% h% %ﬂ%rs Of more.
How®Rf, tonwinsiofial plesosdisddyors et dan B c38OMMchOY hads- ?roduced provide an

PCT/ US2004/ 018144 first passive valve 308 of each
accurgls aessusmgpcHgnat foraxlifetime pEonty abertone houn fln grdes &ﬁs@ver@me this

probl?rglo?‘ﬁ%ﬁ%glsglgﬁg %Eetﬂ a? ﬁ)h{télﬁ@ ﬁgt I1(;\:/1r uﬁ% ﬁé@w?:ﬁ(esrggﬂ each gont]amlng an
identiepleglidi@e Sers6t B, @t prévided inveahNSis HRsHuRE2( | Bueh off etké ¥lucose sensors
controll ed by | ocal controller nodul e 14, which

is cmplowed i aeansecuiive meanet] tg proyideowntisues anil/er streiceantigugus monitoring
opening of a relief valve 316, gas
jbra?%mﬁﬁﬁﬁﬁﬁ$?é¥ﬂgqu@r|n|t|aIIy present in the sensor
branch 304 (which is hernetically seal ed) escapes at
an outlet end of the sensor branch 304, and, as a
[0074]esul t The@nsﬁcutlve lﬁseowlcﬂmtlgahghmpsgmsm (dsch st 1B0Med psiod of
sensor branc

time, o o e P g i B o R PRE e RS B fiose. The
consdcllBveS RefF i ®htis A HRosDERBEE cAPbe inhflomblted BE giitRS M ifcoding flow of

the ISF is sufficiently large to breach first passive
ISF fyom ¢ sargpi@gamaduloidwards hgluedsesensof Bhiar ovpgridd ofjtimeololowed by

e 98 of) TR SR 988 SR TOH BB st tcos

sensc?| This'cdRsecative/useio oRIcBEd Jehsé cABY rdpdate @il bACH dicose sensor
| ocal controller nodule 14 (as depicted by the dashed

included imes anplysis @odgle has §percemdi nues 1 owi ng and

[0075] The switching of the ISF flow to consecutive glucose sensors can be
accomplished, for example, by the following procedure. Upon initialization of analysis module
20, an ISF sample from sampling module 18 is distributed via distribution ring 302 to “n” sensor

branches 304. However, the flow of ISF is halted at an inlet end of each sensor branch by the
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enters waste reservoir 312, the volune of which is
predeterm ned such that it can contain an anount of
wommwimal ent to that needed through the gl uPOBES2004/018144
sensor's lifetinme. For exanple, at the average flow
first ph&lve vave %?@L&f e?&l Mlbkéﬁcﬁ STB %f ergsu%}ﬂ?lﬁ of glﬁges%?a selected
sensor i I me hour , vol'ume of waSte

sensor lramohvis activdisd tyymﬁedmlgehmhebwlvm?nkﬂ of tRatr¥erso® biahels. sTheﬁprocess of
.second assive valve 314 is located at the end of é
openifga seleciedsishcioyalvescen be-pipstrically geptypdled by dogaheanirodleymoghyle 14,

WthhCC%HInll Ea?& \%ﬁ’h e tlsI ﬂgdﬁlg gﬁvv&felécﬁll:cal E{?&Z&l 3(3(? eﬁJpon ?R/emng ofa

OCG ure t

relief 3516(3 8i6,zao(dhers a@ﬁtﬁaﬁﬁ mlthﬂl@!rpiél;eﬁﬂﬂ thd-kbﬂﬁbr&ﬁbrﬁ!htgo\'lQWklch is
opening this relief valve 316 (which can_ be

hermegicalbngshliedhesgapasat ar owial and ak the senspr bigach 3dapnd, as a result, ISF will
flow 189)%1&% &% pPRANL6s 1AL the r%efwaygig ? i%efh@%)ﬂle& chnsor brta%ches 304

respondi ng Sensor ra h reac
remalﬁ k:Io‘Séd lﬂﬂaSIS!F\d@ all@bateto W ol¢ aite thel slectrdisesdn EfalhcleMJ ch.
Thereafter, the gl ucose sensor 310 of that sensor
branch will provide a neasurenent signal to analysis

dul e . T ed
1007610 cor THY RivERRE 05tk 157 iEERTEHD Tnlh of BRIR! Al ibiyh yftve 308 ana
will, thérefbre, ffw RwRYE! Bieds® sdisov3 1de ARRRuSur&h&lilsighalik Sulkequently created
conti nuous gl ucose nonitoring, about eight sensor

by gluspserchses 3304m¢mmn1yewa@q glectonicailyavia lpsiricalrasatrcts 396 to the local

contqs Bgbte i APBGHTG TRy e BiRe 151G iy bl owing and

entersGidistd lekdQoit 312, 3hé0dluk8 o\WhBA¢ pAdé@rikined such that it can contain an
PCT/ US2004/ 018144 linited to ei ght sensor branches

amougfef IR aquivaleette that aceded éhrgysh 25 Sfb%enél@sﬂ lifgdapet Hor example, at
neas vel s
the g7 iofy ot of B G amaiFE vy i ARE Bivtie R0 i of one
hour, tﬁwohﬁﬁ@bwhﬁe raReivbR 318 Whakd b apprdamakBEN i@ shifetd) &4l sé@dnd
being external to the body B. Tn an alternative
passivernabiti Ttdris lashted as thsteadofithe oragierrgsereoir AE. pFhesseaend passive valve 314
nve t|on anpl.i nodul e i s not enpl oyed. However,
is Conélgﬂ%? 1o 8i0b dfe ﬂ%‘ﬁl"w}g modul e 18 (whi ch incl udes, for
exanple a glucose sensor)is at |east partially
inplanted into body B (for exanple, into a
[0073 ubcut mmeﬂmyéhemctonbow bg)opesog of b irelief Uahve ﬁﬂ;@ géanother sensor

brancla 5058 2 o 5 356 b fpompited vi
comnﬁm%ﬁoﬁ B} thef36d c@fltroll@i‘ 'nfdﬂluleSIAE s eyl ffP R the cBfledpdnding sensor
by reference. gl ucose sensors can

branohn"’pﬂ eftehreachingntive flssm @hssa@ @l@%éomddaébat eensgr biepele Thereafter,
dehydr o e bi | an osmumre
the BN SRR AG SLeriEieprrgrinch S atfyide.d e SRR ARG o amatysi
modu@d 8¢Sl i nki ng reagent such as an epoxi de or aziridine
may be used to co-imobilize the

[0078] This procedure is repeated until all sensor branches 304 of analysis module 20
have been used. For a system to provide about eight hours of continuous glucose monitoring,
about eight sensor branches 304 will be required in analysis module 20. It will be appreciated by

those skilled in the art, however, that the analysis module 20 of disposable cartridge 12 is not
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enzyme and polynmer to the el ectrode surface. Such a
gl ucose sensor can neasure gl ucose w thout the
w@aaistiorom? of any freely di ffusing reagents andPCHIS2004/018144

transduce a glucose concentration into a proportiona
lnmteglt'(;&gﬂgﬁeh&r%lran%flescﬁlﬂrtﬂa% rggoqé‘,%th&&gger% gz{n oéeglg%g(ﬁ]tcbothg‘asure ISF
glucosermﬂm for m@eﬂ(air @vén shortki) Aignedige hivede. Typi cal ly, a

bi functional crosslinking reagent such as

glutaraldehyde Is used to inmobilize the enzyne to the

10079]'<" € ondraFola o G0 ab 8 RSl P Bhifa 3R AR Deen SR8 s being

externdl @' tRYBOAYB! PxArlSltedRiHeE Binbadint of §s3@fe%95&cbtd?ﬁ?io th®present
the glucose concentration. The hydrogen peroxide is

inventi¢ne ﬁ sampling m@dule is net employieil n flosiewer p pddion®fahalysignmodule 18

(whicf Heif R, P SRiete % if0s0 SuSR8 ol ettt Bl g tlo Bay B cror

examPBAh{oe] subtHaRsRs %ﬁ@ﬂbo@%)osﬁltﬁala@&htfﬂusﬂs gaske 6&n46R include
as a |latex bead) that can'be inplanted into the

those dedstibechindd.Ss Patagtao. orfrlS 1T 18h 63284 611 Gy a8 Teanded,558,321, each of

. nce ener.qgy. nsfer (FRET) technology to
“m“mﬂﬁﬁ g “ﬁPﬁ@ﬁ%&yHW%B$ Fgﬁgp&ﬁetalls regarding such
glucose nonitors are in U S Patent No.'s 6,232,130
and 6, 040, 194, which are hereby incorporated by

[0080f ef er erfixhighrcosmsend®s Vi G014y 40 em@@rmgnms@mam or glucose

0083] Local nt r nodule 14 | deplcte
dehycBgie FoaumPBLRSS Bt AR f0% ORATET ORGA v oikfhg lectrode. A bi-
functlﬁﬁéj W Rsldkib Db R Sudh ﬁ%ﬁ'&g&h@@br Qﬁﬂ&'h@lrﬂ ?rbe‘hggd to%o—unmoblhze the
first electronrc controller 404, a first data display
enzynkO@1d pelymerdd theosieatoidt eurfak gSncht & glut0B, sepsof icarsmeakareaglucose
.. Stor el epent, 410 and a first Flink. 412.
withofi 96 AR PERLTe b ATREnE 52Tt and P FERINS el ghst cppeentration
into a?&bo‘?ﬁorﬁall Berkddt Skl ¥ @1@% nmechani cal |y coupled to
I sposabl e cartridge 12. The nechani cal coupling
provi des for disposable cartridge 12 to be renovably
ttachdto inserted into) | ocal confroller

10081 g1 o Other gl{f&é%ﬁené%rﬁ cepemploy 3p ghrwme sich a3 shycass RXidase
1mmo%ﬁfz%5 bﬁi%ea \%gﬂﬁ{éeel%?%ﬁ% ?T%ﬁgasl@u & Blﬂlﬂ&fonﬁl*@bfssﬁﬁﬁng ?eagent such as

tached to t for exanple,
glutamldehyde is nseal todmnwbiliz itleherzeme m@ﬂlet\#mkmg@lﬁctmdd [ ]inrsudf a glucose

t he di bl d 12 I [
RUCKIE R TN LN NG LI A —

is pro THof td Phe d1b %eéo% c@x'lc% frﬁt | efhh%‘hgﬁfogjeﬁ ?Eroflﬁl@ fﬁi@ﬁ Bﬁidﬁed at the

e neasure cyc nalyst's nodu
Worknigﬁactrbdﬂdsmﬂhmv&curﬁmmmgmmdb icamnbd etcosained for dhtermmlng the level of the
control | nodul e 14 and di sposable cartridge 12
gl“COF%Rr@?nﬁth@g via electrical contacts 306 of analysis
nodul e

[0082] Yet another glucose sensor employs a modified bead (such as a latex bead) that
can be implanted into the subcutaneous layer and which uses fluorescence resonance energy
transfer (FRET) technology to monitor glucose. Additional details regarding such glucose
monitors are in U.S. Patent No.’s 6,232,130 and 6,040,194, which are hereby incorporated by

reference herein.
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20 (see FIG 3). Electrical' contacts 306 can be
contacted by contact pins 708 (see FIG 7) of the

wo ewalio™ont rol | er nodul e 14. El ectrical signal BCHUS2004/018144
sent by the | ocal controller nodule 14 to analysis

dul e 20 .t 0, r Sele tivel | ief
1008351 \ s L34 coprlfi prosae 1415 ASme S ipimalinhd Pligk farin FIG. 4. Local
contrcﬁieHﬁl%ﬁﬁleqqriﬁﬁﬁ@és%trh&fl‘xaﬁt:al%nﬂr&'fer%@ ﬁrs@él@ct? @co?ﬁxr(‘ﬁler 404, a
‘ by the analysis nodule to [ ocal contro
first datedlispiay 4661 s tocel eomtroberi ad:gocnthmMGBJ ®firsti Gata storage petealemt 410 and a first
RF i h ae signals by using the Ilocal controller algorithm
and di spl ays measurenent data on a first data
di splay 406 (which 1is readable by the user). In
addi ti on, neasurenent data (e.g., |SF glucose
[0084t oncenfloeadlicontraler ajodakrl4 ibeosfigmratsuch that itstn Hatkctrically and

e el t 409. 6]. Prior t uyse, an.unuse
mechﬂ}l%%'ag led o fisnastie chriiges 1o e raesbrHER oo aligE provides for
t f
oS ke by I LB B o
14. Laéal @ontrdliee alodaleritdramid|disposabititaetritige 12 aremnfigiiedsuch that they can be
ntrol]ler 402 in the Iocal controller nodule 14

attachg@ £Q,the skin s jaiser e fotiex piBRls 0} BiTapPattt ¢ gpRer Fehich segprgs the
combﬂlgféglflgfc %ﬂ% tﬁ}s F a%YeSJaﬁgli%g 12 gxgiolglﬁsl c’géfarl e(g?{l:&ar féqﬂﬁgﬁto Be Rer’s skin.
conbination to the skin of the user, and upon
recei ving, an activation signal fromthe user

[0085}easur EvEine usgef system 10, figst gieéaowy cpptrajier dP4 EQIWE%‘% the measurement

eyete 5P g% e ARARAG P . FebBn it betien togg controler

modulesi4 @udrdispogabletaatridae 10$4kies pladk ivia dicuyifdal tentsdta306 delﬁalysm module
sarrgl | ngFé The | aunching can be initiated either
20 (seeifilGt 3)e | Hegtiienl icontaegh 8P@ Fandie comipcind byycontastRins (see FIG. 7) of the

j b F

ot LAERERLAN 1Y, PP Syl S8 5 el 10

analy$i$ modile@0tto dﬁﬁéxa@x@%ﬁﬂeﬁﬁdp@pdﬁ&&ﬂﬁeﬁalﬁeh 816. OEEbtrlcal signals
controller nodule and a renote controller nodule 16

represgating: e @lucgsponeeitratign géan K wplofre thanssent bythe apalyssymodule to

the lok?ﬁ g:ghtr@?e%{o% e an[gP ng{:t ompfo%ﬁ@é‘g(ﬁlsmg%rg sﬁfrl]%le Flﬁﬂals by using the

local G(bﬂtfoﬁilei algbﬁﬂhﬂMOSf antl Rigsptays neasurb MOBHatd @catirse dath dizplagr06 (which
nmodul e 14 is configured to receive and store

is reagables by theiser).o b asdditfongmeassrrment dptat(ega 83K glargse concentration data) can
Fﬁ‘iﬂ C able cartridge 12. For -

be Stogé) kt C?altta ¥ aﬁ@elequfiﬁtg@ér nodul e 14 can be confi gured

to convert a measurement signal from anal ysis nodul e

20 into an | SF or bl ood glucose concentration, val ue.
[008G1 0090] Hriosto wsesbympssed dispysebleicadriggeotiis dlpsgggqamto local controller

e . .

mod e%)toiéllug gnn %ﬁféﬁtpg?‘ﬁg&gfgﬂlg(ﬁécﬂ%g Lﬁhﬁxélitggog é%tgx%:gﬁ ﬁgbc}sgble cartridge
12 andli@@l cariotleEmolile e mb¢hanixal controller 402 in the local controller module

14 securely holds the disposable cartridge 12 in place during use of system 10.

[0087] After attachment of a local controller module and disposable cartridge
combination to the skin of the user, and upon receiving an activation signal from the user, a

measurement cycle is initiated by first electronic controller 404. Upon such initiation,
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second RF |ink 504, a second data storage el enent 506,
a second data display 508, a predictive algorithm

WG i®4/16097al arm 512, a bl ood gl ucose neasur enenPCHYS1004018144
(adapted to nmeasure bl ood glucose utiIizing bl ood

pne S GER3E2 B BB BT B9 oSSR 1

launclifg tabe mmatesa@th@pg)ﬂfseaear@ﬁc CcO1fRITNE L4 (U0 gq'hédhhmcal interaction by
nodul e 16. Second RF |ink 504 is configure

the uspi.- di r ecti onal comuni cation with the |ocal

controller nodule 14 (e.g., second RF |link 504 can

receive | SF glucose concentration related data from
[0088] ocal FastRPIhRY1PBEILA cdtrolldPdb il TEls \cBAfiMiréd fYsiovide bi-

RF |ink 504 can be validated and verified by second
directignak¢omyniwicaimmtheby ¢earthalogal cputrolﬂtérrmuée antdrperemgiet eonér@ller module

16, as BRI B gl Bty HBBSSH 0 €1 DnEihntPBlolik F @R cororaes

a visual RARERT &. %n@ﬁtun&%ﬁ)rfmo)fﬂ&u&tﬁtgqﬁ@ cﬁt?erﬁ statuls OF u{eesyetaﬁla
retrieval y a user or for use in pre ictive

al gorithm 510). Second data di splay 508 of renote
ontroll er. nod f or, exa hi c
100897 O 4 Loral Ponailie simuls” s Sneitd fiahSindhy S Bl fipment data
from, %nd @&ﬂﬂ’cﬁﬁﬁtﬁ/@%y cfoﬁ{rﬁ@ﬁcatté)wﬁh Ltﬁ@ﬂos%lg cArfridYe 826 For éihnﬁﬁé‘ Mocal
to use interface for further data managemnent .
contrdl RO alotipledlA7caRGE/CUBRH04] D1®hYext a p&@gﬁ@mﬂ'ﬂt@gmbﬁom analys1s module

con [ ule 14 | ted to comuni cate via
20 in§ G388 opflop BfiafconetsaliERISE tont Lol or avdul & 16.
Functions of renpte controller nodule 16 include the
di spl ayi ng, storing and processing of glucose
[0090Feasur &i@&n$ slobatsaa é.mnphﬁ@d eloelntiaptaen depictmgnemoicenntroller module 16
fornmat _for the u ontroll er dul.e 16 can
of sysigm 40y, Bsmptfecoaﬁolﬁ ﬁi‘elé clugdss 2 serane eleciomi atltsﬂilfr 502, 2
secong s, gl @tfoﬁ‘ﬂd AWta sftcgﬁ MAENLRS0k ht?se‘ééﬁ‘(; ddh ﬁls?Iay 508, a predictive
. del'eteriols glucose co entrations
algorithm & cam abdrnriampa bloodrpiucokd measuoaindnt systern sadaptedmanmaalre blood
a user's, bl uoos concentrati on usin ood
glucogg wilzing bieads rﬂﬂl?sg%q)éﬁﬁi sﬂataﬁm@ggfmngb'fée bl ood
gl ucose neasurenent strip 516. Bl ood gl ucose val ues
nmeasured by bl ood gl ucose neasurenent system 514 can
[0091)e usedetandidedtfopiddonadlle! S02as edapﬁddua sontad] catiedssebniponents of
redictive algorith controller nodul e 16
romof i ligs MRASOT | SHEPBAIRE dinky o0 e F GPieder DgiBenoRy
ive ISF
comniiflt %)u()ﬁ V\ggl thg Kot%gfrceo ﬂgﬁe rrﬁ(ZdruESfée g4 &{_%gggg?ncgﬁﬁ hiﬂg 80% @hn receive IS

glucosocmroehtkzeronnoldwﬂ elaﬂa&‘rom lavahdongotledmedula 14 rDableeeivad vvia second
communi cate. with |ocal contro]ler

RF ligl S04 G5 YeURFd vl A SRR SIA LRI CoNB TP B urthermore, the
data 4fg'€@él edc& tais‘oldeg)?% < %Hlaﬁd !ﬂ@l %@on@%@h c%ngaﬁéflﬁZ and

heraf ore e Qo UsEr Wit a sinple
stored dnseeondeduta stbﬂatgé elemehpF0onflan fguremse (g pliture data retrieval by a user or
nitori ted dat stori di sp
for usréum predlcthz gon %1& S%cond gata display 58§ of remote ¢ ntroﬂer module 16

can be, for example, a graphic LCD display configured to present measurement data in a

convenient format to a user and to present an easy to use interface for further data management.
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and processing of glucose nonitoring-related data) and
can be used to fine tune therapy (i.e., insulin

wW@ewsnd®YT at i on) . Functions of the renote contPOI/U82004/018144
nodul e 16 can include the gathering, storing and

10093} 90 Filldalh cbrifoll 1A 193¢ Facdfis b Bormft 3G iR Secb RF tink 504

ucose val ue Ca culate

to a anoﬂen:Oﬁfrﬂwr aiiddule B Funttinrstdf e&8ote Rof@sHr ﬁ—‘ncﬁl@lbt 160intIade the
nmpdul e 16, rather than local controller nodule 14,

displayirg, §ioziag apd Prosagsingatelucese me@sarermh datajin @ presgiahle andiconvenient
formd 61 thé GMC 8dm '{%) roller Ihgduqee 2 n algigr%g@g\?g (audlbl v1sua1 and/or

controlTler nD unctlons can

vibratkry)eildrat vix elaym Ba e ferwading thd ﬁﬁér bﬂ@fﬂéteﬁ&ﬁt glédose l‘:oncentratlons A
modul e. [0094] In order to facilitate a neasurenent of

furthgr{anesiog o reynefe sewirglley ajodpls 14 lbtcpmgass;mus@r s byl glusosed
cono B3P B AEABUA SISk AR Bl ST PELE ol s8hoos e

measbxleﬁﬁdt @tip §06.€ BIood SUIRBE I uds)Hhd R ied ?b[@}ﬂ ucdse measurement system
measurenent with a bl ood glucose stri 16, on which

514 can be gergl te g[ﬁf;fyebl()@d glucosg vg}pgg)czﬂqzulaﬂsd) byl prngpj,lvb elgarithm 510. Remote

T e neasure
cons ARG o A8 oDt e S AR P E bR vt s
state afmﬁrd dodrm&liehl dé,’ta) 10204 dlahiDatse@CT/ US2004/ 018144
[ 0095] Renote controller nodule 16 can optionally

i ncorporate a communi cation port, such as a seria

[00933 8 m 2: ei{\(lftg ﬁorﬁgr ]{eg \(ngﬁltéle SlE ﬁ%nwplf%qlr:eltd%é Qp’{taag Iél::nﬁ te)llng to communicate
with Rearioholldnidla 4 (el ERE r&emlé@glq);os%riﬁeaéuﬂe'memeda%@ﬁom local
Serial Bus. Such conmunication ports can be readily

controlipspeatild bt). Kepwie congroberomeditlel 46 aherefoae; peostidesrralsetiwith a Slmple

D LN e T TR L
and prétesdisg o f:’%luco%é' ﬁ{bnﬁ&lﬁ’g fe@ﬁé@@z{tmmaﬁ bk S0 TREREE therapy (i.c.,

porti on, hat can be ™~ programted via a conmuni cati on
msuhp@ndmlnwtrzpmnmoEmo@bnsoﬁihe senmaeroonirgiler tioduleilé cap include the gathering,

wor 5 g S ) o30S 5 bty e

from YSIa%El@dSHélH&taC iy i‘ﬁ@oﬁ;@faﬁﬁ@ E\l&tﬁn&mfeﬁﬁﬁé &ﬁm%ﬁélt module 16, rather
The rerpte controller nodule 16 can further

than lonail ma@olkrmﬂmimléh altel re md@nﬁ)ﬂmty of hlmhc)onftmﬂer module 14 are

oD AR B Hh e T oMM s b canbe

alterrﬁﬁﬂel?%eﬁ@ﬁneﬂlﬂyttﬂglo%a%hﬁoﬁ@rrrﬁadd?& el enent known in the
art such as a data carrying elenent, also

knomn as "smart - chlp [0097] Data carrying elenent

N T E T
(BS),166d élhé‘os@ MAsureMER Fetefnd14bE HlobvRRd ‘@Eﬁ‘m@éﬁall;ﬁh of the remote

controller module 16. The blood glucose measurement system 514 makes a measurement with a

blood glucose strip 516, on which a blood sample (e.g., a drop of blood) has been placed. The

resulting blood glucose measurement can be compared to glucose values calculated by predictive
algorithm 510. |
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identification nunber. The renote controller nodule 16

can read the data contained on data carrying el enent
wGh1i®4a0m7such data can be enployed in the PCT/US2004/018144

interpretation of the I SF glucose data received from

t he | |
[0095], a?a glgélg%t{% gﬂfétgﬂel)rl ﬁ}o&ﬁ%ﬁlﬁ n(%ﬁ %ﬂitlgﬂlfygﬁ&ﬁ‘%ér‘c{é Doondihication port,

an be communi cat ed
such at @ sérivd comaainication part (ot shmduineFIMS)u SuisblearothnRAi¢atiok ports are

e Bt e AL B G e
commﬁ%l@ﬁwn%rﬁ fcgﬁ) BL f¢ ghilfﬁd(%@e% Bf e ﬁ)ggléést&‘éﬂ 5@l {) ﬁg gﬁt@gﬁi &ata

con ure terpret as wel

managéﬁfeﬁﬂ&fyﬂﬁeﬂﬁrRMe abgollet hnﬂulemﬁealsmancorpmdaas apregraminable memory
is predictive al gorlthm 510 for r%dl cting near, fghl{re b
portiop (pct Ko inFIE. R SRR A FEBOBTARRELS aghsmerpRgy; ROTHiQN, that can be

i Gt o ti Qén is to facilitat
pogs o SRBARiph B, Wl BADRARTGln i g it
updatdsiof af opératposidichgaiianger adftghrecbarent ohthenémateicontrolier module

the | SF of the user, predictive algorithmb510 uses a
via cogpynicatign thrausieths COMBUNKAUIHPItENS per f or med on t he

stored neasurenment data to take into account user

specific paraneters reflecting individual lag tine

[0096] el at | TAs hinfige contivticombawla® 6@hn fdt&lephfeﬂidetaimmmumcatlon slot (not
al gorithm 510 is an estimati on of the bl ood g%
shown) doietecaigms @ dotp capmmgielment a % ard ponpppnicating @fewﬂ ata carrying

el S48 G BH SRSl RSB e e

carryih@élefng ado &héwindishanettipat ed to warn the user of a
predi cted physiol ogi cal event such as hypoglycem a or
risk of coma. As will be appreciated by those skilled

[0097L Ui : QEID% c}aérf;{g}% € (lﬁl%efrr{}]g ?% éanan %o@%g{i Wﬁﬁ’{/: (Sﬁ%sgle @ihridge 12 and can

contaifil dXpREAY1Y caitrﬂig@%;rod\ﬁ@ﬂidﬁ dgspegificiaka, blih dgxelibdiiseddth yndlot
t he 'user's heal care provider. An audible signal is
identifcasiopmuatber.aEhq remofg ¢qntmlakremg@la 16 caserspa gheydaty contained on data

CaI‘I‘YISfE g]%u ot ﬁ%ﬂé&n %Jélt%h%ﬁﬁg ﬁé/qcl%r:ne ! gcg 1%1 t{l/% %Qe%%leta-{laﬁ of the ISF glucose data

receive@ SRMEMHe 8¢l edhtroller MBYulgi1Me Nteﬁﬁtﬁ%l@r tlhB dhﬂamﬁ (ﬁt’iﬁca&ylng element
bl ood gl ucose val ue (concentration) he sane nmone

518 cimbe ¢oramiisicateéfathe defat eonggollehmoddy 14 Wt?c&??z@ld R link o4 and can be

used SyfE SRR esodhe wedh e Lar opfhpbdedge O Pt
physi ol ogi cal source of I ag in ISF glucose is rel ated

tothe tine it takes for %I ucose to diffuse between .
[00981 he bI d‘dm seemhdietrcpsicicortzollsy 562 gf emoie eqntiollpnipadule 1Ga%

conflggs ﬁi ts ?aga{, %E%Nglﬁs gcgpelréﬁmg ek flg altggrii%%%o g?{etb%gti&ﬁq algorithm

is pregfm%‘ hlﬁﬁfiih‘in §fo e picaRsing ¥ st fafile @ﬁﬂnﬁetshp dourpgmoogdilegels. As
to the present invention mitigate (reduce or

there i ariinge zlef’,ferclsle (Fratosd) beyeenthangessi phicoscoymestration it blood of
|
TR R TN N

algorfthi@\81D@isés a series of mathematical operations performed on the stored measurement

—

data to take into account user specific parameters reflecting individual lag time relationships.
The outcome of the predictive algorithm 510 is an estimation of the blood glucose level based on

the ISF glucose level. If the predictive algorithm 510 predicts low glucose levels, a signal can be
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target area of the user's skin layer. |ISF extraction
devi ces that include pressure ring(s) according to

W b@4pom3ENnt i nvention (as described in detai | POEUSAP4/018144
apply and rel ease pressure in this manner. Anot her

raisecfé‘ﬁﬂ{ agirﬁg% 12; &ggtfg# Eﬁm %ﬂrthé ’ﬁ&r o?ak; I:l@éed“ﬁ&?ﬁldéﬁa% qu;l;li Bleh as

hypoglheetrmp bedsk:bﬁcdnhwotds wlllsogpratnedby thatd Qdillld@ﬁﬁ @l @f) the alarm 512
measur ed | SF | ucose, concentrations. [00101]

may b comprised af wygmtaltlﬁ sigsalgneluding B pudiRlgnypiseal or ¥ibsatoryesignal, warning

elthetgtﬁ? ﬁgfgldu%& r}n}%r t}r}gﬁseeg"s?éﬁﬂl %r I%Vﬂiey C?uﬁ %M 8{ s1g§1'z:11 ks Sprefﬁrred, as it

erac terns

will Wzﬂdee@ef slwpmgaisbheexbeﬁmaﬁig Qhﬂﬁ)@ g%emio evént.and m are
i ntegers of value between 1 an k and p are

integers of value 1 or 2; ISF, is a measured ISF

| ucos . t t nd| c
100961 1°°% Fré il b 45, RSB GhicBle Vade (cBtERMIH ol iy Hven
momyidlitl imelang adleo Vahidoee PAGK (coRcentiavibn LPVa% |tl&é6§nfé&ﬁéfmelﬁt1ﬁ time is
24 WD 2004/ 1079 PCT/ US2004/ 01814 rated is the rate

referrgd tapethe ESIhelnopse daga dSHetueosq 18E combeieancpivably afigibuted to both

. ' i r.eferri tg which adjacent. | SF l.ues .
physiGhGREL U i rhichFoficks P Pt ISRe G SbRGER 1o sk iER is rotaed
to theCtithé @nikek $br %I@ddd@toadiﬁ‘uﬁg&tﬂé&l\/th@ BRool ahid Yitérdees T a iddr® skin layer.

bet ween the 1SF val ues one previous and two previous

The meghgpicglsonrge phlagdurelaser totrmethodand device useddo obiaireancsk$F sample.
is the noving average rate between adjacent averages
of groupings of |SF values, with the subscripts (n)

[001000d ( MERBIRIEAE Sf H&VideR) syEl'@ﬁls r&ﬁﬂ’%@'th&lfs ab&%dﬂi? kd!@2 present invention
included in the noving average and

mltlgpf@s(redu@mordmmm@ehw ghecosel]agaluntto alwsmi@cal abwress by applying and

e LGNS b b G BB B Gl b 80R ovo

targel dro£6f the Q51 SRl lﬁibroispéitracﬁbﬁ Q¥BELstRA TR e DbraQa R rﬁig?%) according
cross terns, with coefficients for the terns and cros

to thet present lwemtmmamé@cnbﬁdjugihtmlégtm)gppky andatlyasepraskure in this manner.

asure SE val an | ood gl ucose, val ues at the -
Anoti Apblshch foctopdp 15T B SE elitendisdh Shplod eectullim (PG prediciive
algor(tRAS10) fhat Preidis Hldoes1Add0 bl atfoh Ba8&H Gn fdsurddISFighucose
systens according to the present invention are
concgntrgtiomted in U. S. Patent Application No. 10/652, 464,
whi ch is hereby incorporated by reference. [00103] As
will also be appreciated by those skilled in the art,

[001011€ OUtEEEMmB:RS algdtfhm 510 can, for example, take the general form:

Predicted blood glucose = f(ISF, rate;, mayratey,’, interaction terms)

where:
i is an integer of value between 0 and 3;
j> , and m are integers of value between 1 and 3;
k and p are integers of value 1 or 2;
ISF; is a measured ISF glucose value with the subscript (i) indicating which ISF

value is being referred to, i.e., 0 = current value, 1 = one value back, 2 = two values back, etc.;
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predi ctive algorithmcan be used to control nedical

devi ces such as insulin delivery punps. A typical
wexanpbd®7pf a paraneter that can be determ nedP@HESH0O0MS144

t he al gorithm outcome is the voI ume of a bol us of

insulin_to. stere sr t a particular . .
poi nt i1ate; 1s randg %}ge-hq&v -I%]?]‘ v eqp ggfhe sugscnpt @
referﬁr@'ﬁ)rvﬂ{lbl%d pRdbisE vifuca Rtk wied Rpéiﬁ@hﬁe SR thfel 981 12216 BBtween current
conflgured to be worn on the skin of a user in
ISF V@hld @nd thE meviphs 15§ velnep?+ rege betwreennthie ISF valgesodnel fBévious and two

f | FIGs. 6-8
previgisfeBEYE I bp Rer S EF e Sy ilom enbod ment of FI Gs.
1-10, qh§ > PASE aﬂ'tﬁ‘e ﬁ’r@{/itng aQQﬁ%ell%té ﬁetwéeﬁlcﬁfl ntVHvEﬁgE‘s &oupings of

control | ed by ocal ntrofll er nodu In addition,
ISF vehes,swittbihe atbsoripte{n) atid<p sefbirmgaa (n)rthe;lgmnhﬂ odilfSF Value included in

controller s configured to e wor
the T3 Vei3E6 AT ) o BRerRe g G Pesar Eh e serbt Geetihs igenfelative to
the c‘ggenftgglggsréyfoﬁ&gsl ocal controller nodule 14 is in

el ectrical communication with the di sposable cartridge

12 for purposes of measurenent control and for

AR RN T A T
allowgg té:rfngam@ Poésﬂﬂ@%ro‘é%ﬂ%[arﬁé’ i cdgﬁféfé s b tﬁerlggﬁ’é?ﬁ&?l Gods'téris

I splay 40 pair raps 6
determiﬁedalmmﬁgﬂn regfessiop ahz{lysai oftmedsureld ISF valdsihel Hidod glutdse values at the

eétg' ﬁ er Fl G al sg depi cts, di sposabl e
time atthe I$Tgqmn Qawﬂ%ﬁm &qrwgre gthitsrega ding pardigtive gigarighme guitable for
"f’%%ar‘%c%ﬁrfﬂgrgﬁg B e iny ek i RRd POl b CAppilBtion No.
10/632o4divhiphdahdrebycimconpoigel b]y&efemftmean insertion cavity

704 provided in |ocal controller nodule 14. The

di sposabl e cartridge 12 and | ocal controller nodul e 14

e con

001B)2, o iR PRahdctily bEREAR FipIRE b P Gwlam B the

predlémeceégorithrn cafl e usealto coineollmaiidal d@ﬁtd‘s@hbl@ﬁs 1I1’(mltﬂ @liddry pumps. A
@nd the di sposable cartridge 12 are in electrical
typicel samRled pingrAmste thatsan be fctapminedibss on dhe Phgeryhmegitcome is the

g
vl s B KA 10 B0890) 80t iSRS,
of contact pins 708 provided wthin the |nsert|on
cavity 704 of the local controller nodule_ 14 when

t he
[001Q4] s o s abieecorbination 9 lqcal confrgleraeduly {4 andidispaspbls cartrldge 12 can be
cont 104 0 G OBLIED o o RIS LB ERpIGO00S o or1or
extradted iflohothk asats skimlaye! (b@FIGeAIBE 14 and attachment of
t he conmbi nati on of the disposable cartridge and | ocal
controller nodule onto the armof a user. FIG 8 also

[001(%‘1'0' Ct D AIRIP ihe QAR fanh% der%?rg és61'1‘2)° 8'saY>‘1 f]Jél Rdge 12 is

communi on ra ge o Contré
locatddiwithin and controlled by local controller module 14. In add1t10n, the combination of

disposable cartridge 12 and local controller module 14 is configured to be worn by a user,
preferably on the upper part of the user’s arm or forearm. The local controller module 14 is in
electrical communication with the disposable cartridge 12 for purposes of measurement control

and for receiving measurement data from the analysis module.
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[00109] FIG 9 is a cross-sectional side view of an
interstitial fluid (I1SF) extraction device 900

wa@ewenaiong to an exenpl ary enbodi nent of the pPEBES1004/018144
i nvention. |ISF extracti on devi ce 900 includes a

[001% ggit :13& | On g&n‘ggre 69 ? cgl co SS i rc?ulr :‘_134? ?qﬁ:ﬁ.)%%gﬁgrg data display 406
and a%ﬁ%f@tr@;bsaéﬂﬂgr ﬁf?a@ﬁﬁﬁnt%ﬁhé Iﬁéﬁ%bﬂbrol?er ?@g@ﬁdl@t?girl@% of a user.

0110] Penetration nenber 902 1s con red

FIG. ﬁelsetdepnctsahsp@ﬁawﬁ cesiridge 13 prinr todysertia ingo lotarapatrolértneodule 14.

and for the subsequent extraction of |ISF therefrom

Penetration menber 902 is also configured to renain

(re [ : ' |
(0007], bt oro SRR bbb hu it AT o the
inserg@mof thedispasahiel cartridgentd intd am inkertios eavity 704iphovidycein 16 controller
Wi ng_a continuous or

modlg .. JEE HdisPRigble r(]’g%{l‘#@c]t% acsﬁai%ffal FegiErolienedals drtiaseeprgigured such that
disposiie czﬁfrﬁ%@ '1% 19&6%&1168%}1&% (N fseftidd ér?,gﬂ}r 704 Hﬂ ﬁm@ﬁefaué’%ﬂ Frce. I

recogni z enetration ne an’ resi
addlttolnethﬂslmal somioller llnaghde 1#and dr (Bsﬁoeabjlechrﬁﬁigb ad aed intell¢trical
of .8 hours or nore, 26 WD 2004/ 107977
commpRigatian yiug ee1 of melded sontagh pags 446 thakare preyidagon disposable cartridge
12. ]?%tgér fgg#{gg @o{ltggf‘tgﬁﬁwééaﬁrgr esggﬁ?x’gﬁ?ﬁﬂﬁgégy&%oﬁfa@{ [ﬁn@?@s Provided
withid ¢l inyertios tafitg, 704 bf &ﬁﬂbctae Sotfdles ﬂfoﬁulte(l4tvtfl&nuﬁeﬂlsposable cartridge is
ski.n |Layer surrounding the target site, mhlle t he
msertﬁéh@?r“ﬁ@ﬁ%‘i%‘r%@“ is residing in the user's skin
| ayer in order to (i) facilitate the extraction of |SF
fromthe user's skin layer and (ii) control the flow
[00108] | SF EIGx Slsbdjwd thE vl catiolienmdént 48 aBlintedtiod 6f the disposable
an anal ysis nodul e as descri bed above, Wen

Caftrlsgeegu%lwlr@ng eriodule 1 and attashimentof gheecombinaijop) of dae disposable
.ai r S e

cartrlﬁgé m’ﬁf 10%(1 HI#&JPBE Pﬂ)éiglr%r g%cﬁgm% nﬂ?)ﬁ a’ﬁ%grr SP;{} 8 Sl?etdg'@cts a remote

contrplierasodute 16 n)@atQﬂ)‘Gvn(hﬁﬂRE eomﬁﬁmidahaﬂi ﬁﬂhgb ef the éscabcontroller module 14.
depl oyed state and a retract ed state, the tinme that
any given portion of a wuser's skin layer is under

[001(”; :SS u rﬁ&i‘: gf ? grogsq& {18111a1 ?%e AACLE d'gy ink rﬁi{ I;]iijh 2. (iﬁﬁ gprgctlon device

ver an

900 det@idinghtean ekﬁﬁﬁll@]erﬂi’oﬁﬁﬁ&ft of ﬂieﬁﬁes%ﬂﬁm{fé’rﬁioﬁﬂ |I$P3’ eitﬁﬁ:tlon dev1ce 900
for exanple, an outside dianeter in the range of

includofchipesietrafiqy membeiN8sa pisesuze vipg P04, mfﬁktrmwgme@b@q%@ (1 €., a first

sprinBPari SRS it meRDE! %80(3%,11%%} 1 3Gopd R0 D07 o0,

can be configured to nove independently of pressure

ring 904 or fixed with respect to pressure ring 904.
[00110§ t he Ranetatinn mersbertMats pabierregtipopengiatingy of aoper’p gkin layer at a

targe néel aglrd%%@e svﬁf F&\fetnt 3)8@%081’? 8”5? tflérnﬁgl%oi’eg&far@%r@edabeq 902 is also

ng w ssur
confiliared te@ femdi irC(trdasﬁdbﬁh) fhefe@ss ket WSS PRk tth@é’i@ra@ﬂ‘iorﬁof ISF therefrom.
target site (e. skin of a

Penetration member 90 can for exaraple, remain in the user’s skin layer for more than one
hour, thus allowing a continuous or semi-continuous extraction of ISF. Once apprised of the
present disclosure, one skilled in the art will recognize that the penetration member can reside in

the user’s skin layer for an extended period of time of 8 hours or more.
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target site) and penetration menber 902 can provide

for the target site to assune a "tent" configuration
w@pw4figr7penet rati on nenber 902 to remai n resiPCTYS2004/018144

within the target site despite the penetration nenber

I Ngpal ong _.w the retraction, of, the pres [
oorffY PoesaRe stk b 3 nfiplned R R Y el R el o o
retractéBRRES. Whepre¥utdrifiS0EGtin {HR dePRyed Stae Uk Bpplied Prdssure to the user’s

sinplicity of design. [00114] First biasing el enent

skin lgypssurmpuadingitip terest site, whije therpeseationmergbaydyregigingigthe user’s skin

t he ser'.s..skin |ayver.(i. t o Rl ace,pressure rii
tayer g R 5 %k By @bl T oy T 36 LY, ot contol the
flow JfiISB 116dh ISECRAGCHInARY RS 960 C3TR6 ex3RPld, &n BRI OMbEEe b9 described
| aunch the penetration nmenber 902 such that the
abovep dMben pressore ningAMris penretiagied stateh ¥ applieyecithey 3 minipebpresyure or no

pressuid . e 568 ik oS S e (081 12, shhol Bbafe fe Q04 pap be
oscillétE@lr)]étﬁr@&?a 8épldyed Rardsid a rotrh@ed HtcDRHeMEITe BET anyPidnortion of a

inch (PSI, calculated as 27 WO 2004/107977 )
user’sREI lag2d9uidst greastire ¢any eecopitrolled, dlsehyaprovidingl fopthe siserf seskin layer

rin r . In thi,s,regard, a pressure of
to rec%%ﬁf)%B&Fﬁ%ﬁ%‘@gya’@@néélemlﬁéeﬁ' been deternined to be
beneficial with respect to providing adequate |ISF fl ow
while mnimzing user pain/disconfort. [00116] In the
[00112hbodi PesssurefinEO® typicatighes, fart ¢xamples ab entsiglp 2lidmseter in the range of

008 BRI AE BS80Sk e e BBy i e

| B o.080RLEAt i on depth of the penetration
rangekngog?ﬁgﬁgg Al't hough not explicitly shown in FIG 9,

the penetration nenber 902 and the oscillating
essure ring 904 ca e ved _rel gtive to one
100113}, e PeasiErigp giopst Bof & Leronfizwied o MeyR ORISR RRressure
i .U i 18 bbititrati b
i o BBy e 0P hrPH 90 U0 L g 10 b fation o
902 ictfixddoyititl respect &t prbsshieziingn904h penesration mekibar 933 will mave along with

T TSy A R
target{s?t@)"érﬂf peh%atfo@&ﬁéfﬂ&r ReHehd ﬁygﬁﬁ fof'igqggﬁge‘t%gg to 48304 8ltent”

desired, extraction Vi ce an contain a _
configerabdrr @td fonpateratiorcmembed 902ab eerpain r¢siding wikbianthe tayget site despite
limtin adcontrollinqtne de needl e

th o . .
the Peﬂ’@ﬁétﬂ‘? PBREIRPYIAY along w ‘il?é e re@‘)@gw he pressyg Hpg-oIn this regard, a

at i [ s - o licity of
e SR80 YRS ST B2 Byt gl
designhi ch is hereby fully incorporated herein by

reference. [00119] During use of |SF extraction

devi ce 900, 'a systemthat includes |ISF extraction

[00114] First biasing element 906 is configured to urge pressure ring 904 against the
user’s skin layer (i.e., to place pressure ring 904 into a deployed state) and to retract pressure
ring 904. Second biasing element 908 is configured to launch the penetration member 902 such

that the penetration member penetrates the target site.

[00115] The pressure (force) applied against a user’s skin layer by the pressure ring(s) can

be, for example, in the range of from about 1 to 150 pounds per squaré inch (PSI, calculated as
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device 900 is placed against a user's skin |layer with

the pressure ring 904 facing the skin (see, for
wexaapbd®77 FI G 8). The pressure ring 904 i s urPerusS2004/018144

agai nst the skin to create a bulge. The bul ge is t hen

penet ra anced e etration
forceffREE1ohSekiond pfkstuse PBE Ssy B e S Pon et SpPOR Ty 50 PST
has bBéH @feritihd BrotbR DRl At IQEbe@?ﬁtiﬁSngl aH #J‘I%Ftﬁﬂv@{xz'hﬂe

or partially within the skin. [00120 low rate
mlmmfzmgw@ermn/simwméorbeu ng extracted is ini t| ally

relatively high but typically declines over tine.

After a period in the range of 3 seconds to 3 hours,
[00116]€SSUT thé &fboREniCATFIOEY rp%hét?a&foﬁ%én%e@ bb@\m O;Sal?ﬁ? 1g}<ﬁdased ina

to recover for a period of about 3 second %
recesppéﬁgms@llatmgyr%medmg e thelsleptheof diegateogse deu‘enmrmgmhe noactimum

N N R TN T

ene@4tichaRbAYErvD2 NG tHesEAGLAD PredS: bah
P D4/ 010 g Jecstiltatihe ressare 9%%h4r HbEHdved relafive to one

anothesmndanpliad td anser’s skindeym umdepamﬂenﬂ' d)feaadb ptheyrent  and
retraction cycles are preferably asymretric in that
different periods of tinme are used for each cycle.

001190121 D Pas of Id1eekiRRIGh Bevilt EilIRG4 & 4

! pgessure ring 904 of Fl (13 93“ ﬁfnz S)S l;ln e%:%legﬁr rm%QO can be

deplayed lfdrestqbnlmt@t&le usertsrekimlayeraand b@lselapd amlfmeslsunm 4 tegixneof the target

e) | SF Jucose | a t hesi zed

area g i P&%Ylﬁazls Ve eSS W wmqt@él Gh g ey etration

memBEr dopcr eased perfu5| on in the vicinity of a site from
which an | SF sanple is extracted or within which an
analysis nmodule is at |east partially inplanted. If

sire ot her_suitabl e means for increasin
[001&3 rfus Id% f;]esn& ASEEEacHon; (@éﬁqe r?80 pgpcqné@n apspe %g;)élon depth control

et ST OSSR Gk Al o R AATTASduog tncin
Exangdes afshitable ferehrati@addptiy caarol bemeataadphdisivedre dedtribed in U.S.
exanpl e, 0 ing an electric current through a
Patent @5@9&&9@%@?@89940%%%@&9 dvhershy fgHe gs,ceffp@lqt@dnbergmyaﬁference
by circulating a heated fluid through a cavity within
pressure ring 904. Suitable chem cal -based neans for
[00119]cr easDmingrese fofl IS Oex tfaation tévice G b e @ssdni that Sfchgles GSISSEXtractlon

,I;gb |ncI ude, for exanple, the application of topical
devicg 200 ds plageragaingt auser’s .S%malaﬁeﬁ Bythy the Pllefs_sum B P94/ fagingghe skin (see,

for e)?am e, fIfI ﬂl&?r%uﬂe?ﬁgﬁl@g ﬁ{é ﬁ gﬁﬁ{xgt%?e &?n R{cfrg\ﬁté Q'bﬂlge. The

bulgd mpheameaeltratEdJ(et grdancdpby the pehétraaioa umnlier: 203. dAQQSF baﬁpld is
devi ce conflgured for increasin erfusi on can

subsqqueRifBrReisd Tiom the brlgsavhile the pepebauonmember %(Ver@mau@a@tally or
tisit hikegegd device configured for increasing

partl gr‘?}mlél on can be incorporated into pressure ring 904.
[00122] FIGs. 10 and 11 are cross sectional and

' rspective views, respectiyvel of an | SF
[001?(?] P The flow rate of the ISIE sample bei¥1g extracted is initially relatively high but

typically declines over time. After a period in the range of 3 seconds to 3 hours, pressure ring
904 can be retracted to allow the skin to recover for a period of about 3 seconds to 3 hours.
Pressure ring 904 can then be re-deployed for a period in the range of about 3 seconds to about 3

hours and retracted for about 3 seconds to 3 hours. This process of deploying and retracting
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extraction device 950 according to another exenplary

enbodi nent of the present invention. |ISF extraction
wa@leaisae79960 i ncl udes a penetrati on nenber 952 BEMUS2004/018144

plurality of concentrically arranged pressure rings

e Tl e
cycles¥adprefeisbly gsg/guﬁaﬁc W Gbnd@ffehRat pirR9S Uf Bme iaR0%se8 $drtach cycle.

954B and 9 respectively, toward and agai nst a
user's skin layer, a second biasing elenment 958 for

unchiing th netration menber 95 . a
o012E 0 4 R e B, e ARERTR 3B AP i 904 cf 0. ) employed
in emRRIMAEARbE BB peRBitInERbA hn B @ﬂglgye@ﬁenﬁi@ate lEe., reduce) ISF glucose
g

integrated wWith pressure rin 4C to form an
lag. Ifi in hppethesingd pweitkaut heing hoded that sedht mbigademisgriesd Uefdneressgd

| .. 100123]. ' . F [ devi 5
perfusior 304 YietHar 8 S ipHAPih BLISE i 2 xraBHAS Y iigh an
analyskohbdde & 4t 3cukt\shr@allSiaiplant&k i 10 dési% @) othekSuftatilé thelfs for increasing

acconpl i shed, for exanple, by 29 WO 2004/107977
perfusir@r atybthoe aitigasing 4SF tagp Lo berepmbiredoxith suchi psesserevingés)o For

examél?,tﬁarsssélgrg%wﬂ:% gg(&g%g%g%ﬂ%?ébﬁgl g{cﬁe&s?e ﬁeter%ugf/otglt er%cg %gétir}fg can be
accongﬂsﬁghé@ﬁ forleR@mpREBy SasSihkAn leR¥A1c. cub@ftliBAlugith@sssitve nidtérgal embedded

) A is then urdged against the user's skin |ayer by
in pregsinzesiingy9@4 erhyrairculbgag\a heated Sbigd through p savity wilhigeresgureming 904.

S Sy R LR RGP 6 o
includgf ﬁﬁ'%k'z{tﬁplé,i A8 agibAtibS of t@pié§leva@6diﬁiors (%%! ﬁi)éﬁﬁﬁmeg ein the vicinity of a

pressure ring 954B and pressure ring 4C can )

site fromi witich abF sanple istextrattediopwithinivdrclban wiakpsismgodule is at least
, ¢l ement s 9568 and 956 respectiyel 125] 1SF ¢

partiffs TR RR R AT Bifie AR Tt e G PesEi B e eqpjguted or
increa!sﬁ;??erf‘&élbﬁ 8arf Bi€inc Bﬁ?éﬁhtoﬁi}eﬁﬁﬁqﬁfg R2%nARS cRefical stimuli-based

totally or partially within the user's skin |ayer.
devic\bardigusddiut inBreasing perfissioocad Hedoeasporeted ingp @seserre nng9§4-

954A can be retracted to allow the user's skin | ayer

to recover for a time period in the range of about 3
[0012???18” SEILGAQ 18 0841 $re &Msesre%t‘icﬁfaf ﬁﬁfﬁe’i’%e&iﬁ’@e HEWS SR ctively, of an ISF

pressure ring 954B can bé depl oyed to apply
 extragtioasisvice 95hacchaling r dmtiek exenipyryremboliichent opthegsenest invention. ISF

P VRN RN I T
arranéegt r@s%ﬁx%%r%s §54k? Of% 4y arfl BACNISE kSR AbA d%@@c%%‘ ghs® ﬁ@gﬁdes a

pective ter a tine period of about 3 seconds
plurality of fin bissingpierssity B6A, 9§6B4BIS6M fdreirgieg tcpressufeaings 954A,

ti riod .in the range af 3 segonds.to 3 hours, .
954B B D HSFoRF TR dRBFEARE AT APFESS ThIE 19/PT, § SGE0RE Diasing element
958 fE{(ﬁﬁ»&éﬁh{; thé P&le%'éf}&}; HRIBEAYIS afd £ ?éﬁé&ﬁu&ﬂ A8 cHSBIl efement 960. If
skin layer tor a tine period in the range of 3

desiresk penetiativmdéptin contwl alethent 9Gthean beantegrateddvittopressurd rimg 954C to form

.. periaod in the range of 3 seconds.to. 3 hours.
an 1nt%grate% penetratf?)n dept?ngcontrol and pressure ring element.

[00123] During use, ISF extraction device 950 is positioned suich that pressure rings

954A, 954B and 954C are facing a user’s skin layer. This can be accomplished, for example, by
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While pressure ring 954C is in use (i.e., deployed),

pressure ring 954A and pressure ring 954B can be
woradoatieioned in a retracted position by biasi ngPEl/E8m®n1/618144

956A and 9568, respectively Thi s process of cycling

d retraction ressure rings.,. .
ompl G bR R 1 Rl G 5 e S0y Syl 0Bl o Siiei o exttSing bodity
fluid Q%Hés%ﬁbé@ébob@%n@?l &idle tHiSsyle g{aﬁﬁt GEROG TR a§GowWn i n

FIG 9, the oyment and retraction cycles in t he

mul tiple pressure ring enbodi nent of FIGs. 10 and 11

GO C NN e,
956 A, Pherdly c@ée&m@"alblulg%llﬁ @her REPY Nif Gaykl it %lpéd%gtjc ehity B lanced G.e.,

pressdre rings in extract’on devi ces ordi ng
peneurtted)myqsamauon\xmmbem QSZanhke mlessiueyriang 954 Aaie yn rmfeo(ee éﬂf}ﬂoyed)

that o i S, _not o the depl oypent and
Pressrarf%ﬁﬁﬁw@@aﬁéweém@@?gﬂ Bade Ane By Teearig posigon by biasing
elem&ﬁgg%]?%@%cb?esg elgn whi ch pressure ring 954B or

954C i s appliéd befo pressure ring 954A.  Further,

nore than one pressure ring can be depl oyed

nult ous For exanple the 30 WO 2004/ 107977
1001387/ s %i ﬂ?ﬁe‘?ﬂgesmmi iruser gsgkin Jayeg Whilg the

peneﬁ'ﬁfbnqﬁéljﬁﬂéf 93% lresﬁcté% ?@caﬁ)}'; iy \!VRIQ? £ Jbk Qﬂﬁ‘f%ﬁe}' Y After about 3
such e pressure n 35 function as & i
seconpisés 8 lwoarsy tha @ressur{: ﬁﬁg 93}1AE@11 bé ketraetet) oslalimin theSds@M@ skifl layer to

FIGs. 10 an he pressure applled agai nst the
reco B i ST O0AR It GRECAAPBLS SCeapio PrHoMTRaAr roractin the pressure

ring g—ﬁl@x gféét i @5 0558 & B Hélﬁ%r ﬁpéla%]%lg gfesﬁﬂg Bn o usteE‘s3 skin layer. While

p ur pressure rin rnore, one s

pressure mﬂga%eiﬂ is i de (i.ecdgpioyed), phaskure eing OSHABMt prasee rrmgr&mc can be
he present invention can enpl oy pressure ring

mam{aﬁ%ﬁi 1B A gcAragte taPOS’é‘GH%’ SASinEleree i 2645 and9304+, @@Pe@l"leb’ After a
time E&%d SRR ?sec@ndcs% %%09{ gﬁg’sru?@(hf@%ﬂﬁ cfn l&ebl%?rac%ﬁ £379 time period

peration or const an

in thepraagsoﬁiés«cbm&&o Bchodts, fullondd byehe Sqpl@mtent Bﬂbr)essﬂlhﬂ 1ifg954C.
eraté Optionally, the pressure or force can be
Pressv TRgO WG lﬁmt%ms Isetsiecnn the ases @rs@ralsmruf@raa timg perigd ingthe range of 3

secofdi'to §)flﬂ{mlaﬁd id tlﬂgriﬁﬁﬁét% 6t & a? rioin't cyc éé) 8% %8*%8% to 3 hours.

ounds w t m nu e ex 1 on

Whllé'bmsprre sing O84C igigusO fidA, deﬁ@é&)aﬁdsﬁ%&gﬂm andeprebsdfe ring 954B
exanpl e, .outer dianeters. of in the range of O. %8 to
can bg mepipfaiigd Hea retracied pesitiomby h’@ﬁl@g clefgnly, 900A emdc95§§, respectively. This

procdsg Sp'gﬁzhné BeRREh Hérq;ﬁ%%ner*t 10§48 re cl)ﬂ & pciie(égﬁﬁ rlnrga 9%2 £954B and 954C

pressure ring

can p@od&ﬁdst wnti) fidd exmbﬁm has[eﬁi@élcﬂ 9As With ItKHEﬁdeﬂ‘ﬁEntBh@Wﬁ G BIG. 9, the
ring of extraction devices according to an alternative
deplqgsat ?%ﬁ%fra%mnt%f@%wé% muliiple pressuse g Ambpdimeat pf F@s- 10 and 11

are p geergbl la§'}t ﬁg engfl‘fe?i? Idﬁfe&nt f)%@ocfs%rf tﬁlE; ar® ﬁge%%F %cﬂ cycle.
applylng negllglble pressure to keep bIood

[00126] Those skilled in the art will also recognize that a plurality of pressure rings in ISF

extraction devices according to the present invention can be deployed in any order and that one

is not limited to the deployment and retraction sequence described above. For example, a

* sequence can be used in which pressure ring 954B or 954C is applied before pressure ring 954A.

Further, more than one pressure ring can be deployed simultaneously. For example, the
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flowwng to the area. FIG 14 shows a cross-sectiona

side view of a portion of an interstitial fluid (ISF)
weziogae™ron devi ce 970 according to an alt er naPCmES2004/018144

exenpl ary enbodi nent of the present i nvention. |SF

embogi%n? gh A esﬁar%e clr%I a%é I.f%rcl: Idu ploy Plzf}ﬁ)%? }grtgésﬁiel r(i’ll;rllgsnsrrgmg%eo%sly such

that tHel [frédsml@lrﬁ@s fghcEBARES siAgR présstrering. first spring) for
bi'asing the pressure ring 974 and a second bi asi ng

menber 978 (nanely, a second sprlng) for biasing the

o2 2 PG gt Bk AR g i
user’SKR@AER, for eRam ?IE hangdes@tabadt P td@m’unag por s@ﬁ‘ﬁe 1nch (P SI) for each
0

contains a hole of sufficient size to j ust al
of therpherdlity of @re@agg ringhy rﬁugwrmqmeoriel shlllqdrm the prewil] regogmze that

r abl a di anet er of 0 0.56 inc
emboffsE g 15 U P CRb o BoneE ol G asppre i gt g »
const#t 68883208 ta‘?%éi%ﬂb' (®r ExdSple,h RB¥de'AGPHIORInkIAMY QGIES) durlng operation
accordlng tot present 1 nventi on rOVIdeS a
or a coistdng peessure (fommple oquéssieetaf rZQ to @ ppumbsp@r squarengl@h)) durmg

operaﬁ.?re \l\gg{l](g]aa 1? 4 e 8 eggld% g%orr(fegsqrg% J@B%cLWFt ]él orrﬂ]ﬁgwen pressure application
cycled. Sdr 3k 91@ t‘BE retsﬂﬁe BAEES WrRdIftdd9 £6.80 pBlSESHEn AN hitfite extraction
user's sKin ayer is rel eased, and the user's body
cycler eacts by increasing bl ood perfu5|on to the target
site. This phenonenon is known as reactive hyperem a
and i s hypothesized to be a nechani sm by which ISF is
[0012'8Fnef . q*hegkaésdr@ Pi'ngi@ﬁﬂ@ B5uB Jhl9s54@Ithavel £67 exBMple, outer diameters
oscillation of the pressure ring(s). Such a
of in lhemu@aloﬁ RiB8rio 0560 hlﬁﬂiednél P 0.9 invhes ageit(. Iﬁgtot(h% ingbes, respectively.

t n th ucose an ol e bl ood gl ucos
The v} (1R Ebesh B arsbprokIE REE BB RerPt CHmHIGEn Lk Has LA 02 o 0.04 inches.
devi ces according to the present invention is that

oscillation of the pressure ring(s) allows the skin
[00129hder tAthpcranesl ipeessura gingof txtraction devices dvaardingetdwaiatigrnative

ser' s pain, disconfort e creatiagn
embogg?f‘gxt ot @lﬁtpr%fﬂétmm@gn P o&%}re%&e@&iﬁwﬂg%@@%ﬁ@t }4fhfor the purpose

ol GEREL ) Py B SR e e o

flowihg tusthe am FIGLS]Slwhews iarcgosp-aectioneldide/view ey la ppetibrt af an interstitial fluid

faciljt F collection while the other ssur
(ISF) e frption VIG% 79 pecoptng o A T0AHER PERPERIALF ehodtResit OF the present

inven$ibf! &§F SQrabidH dedide! %Q%Iué’és%gﬁn&fratfoﬂqnéiﬁl%r 952 SA‘%@ssure ring 974, a

ayer are under pressure at given tine Suc

flat presstive riag D05 acﬁrstﬁﬁamwg‘lmﬁhibyr Qﬂéml oy e dirgt Bpnmg)rfer biasigg the pressure ring
d OSC|IIated ng(s) further_ a
974 ang 35 binsineanertd aﬂ%ﬁﬂa%%rﬁ sfend onesir bigimgitne lat pressure
ring, @nOther benefit of |SF extraction devices according to
the present enbodinent is that the pressure ring(s)
can be used to control the conditions under which a

[00130] In this alternate embodiment, the flat pressure ring surrounds the needle (i.e., the
penetration member 972) and contains a hole of sufficient size to just allow the needle to pass

through. The flat pressure ring preferably has a diameter of 0.02 to 0.56 inches.
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gl ucose neasurenent of an extracted |SF sanple is
conducted. For exanple, an el ectrochem cal gl ucose

W@ 208007975 nore accurate and precise if the | S)FCHEAPL€018144
flow rate past the glucose sensor is constant or

s SRR A b e b bR o
preserf Yikfchbh fdvided Wnﬁfnb&h@f &h&ﬁt@c |5:08 bs%ﬁla‘@ﬁg@llleegrefsﬂfe ring(s) between a

exanpl e, retraction of the pressure ring(s) can stop
deployegrnd aetpictedistatersefroes ta mitigae fie..irodncey ISF gluense dapd Upan 6@action of

the e RN RIE LT OHRE o8 HORE) LB AP B B Doy reacs by

1ncrea§ﬁi§%o%’ﬂéfﬁ1s1bﬁ té ﬂl@ﬁé@&teslteo MRisPheABh&oRfis kGwRLERAMWR hyperemia
rings can be redeployed to continue | SF extraction,.

and is|hypothesizedein be 12, mechgeism-byovhicinfFuis beHficgdlypkglenished in the target site

by ox B S A R B e B A s e g
betweh BRARE oflicdsd AR Role BB Dicbserhlidd, the art will

recogni ze that | SF extraction devices according to
t he present |nvent|on can be enployed in a variety of

st ens |n not ted to, ns for
00133 accabtisbeatsg % Hfastign ‘ﬂﬁsé'waqmmyg ﬁrwﬁeﬁbmafnﬂon is
that oBUARAIOF 1R rBQLA! dhe(O%10GS Bd REFRROUR préRre U th
y 0t he | SF extﬁrract]i%lon \S/allces can be enpl pcgyedrel n recovet, TS
reducs@rapiser’ sypainy discofnfert ahd thestrention of P3Gt Befuéshes.ng t o
FIG 13, a nethod 1000 for conti nuous coll ection of an
| SF sanple froma user's skin layer according to an

1S3 TP S SBTE i 86 LABl D

embodlmeslt ePFI08 110 ankhkd)lcah bé hisddowvietx trleast bmypreshavd gy pehﬁtané:nily
rovided includes a penetration nenber and at | east
deplomﬂeto pral@izrlsk collectiop. vghﬂe the olberRyPISUSAREs reosciliieddetween
T t

deplo#éf n@% r g&f gtr agcésgsuo?l'élgtsc?ﬁ%%?f %r@%‘?g T%e &%Ié Eg%ﬁrﬁeléﬁ:r) hf%rhnder pressure at
any giventiates Sanld cqsmbmsmkﬁreoﬂ pen@Snend$ ddlﬂeyerd freshusdxdngs vandloscillated

respe to I SF . extraction devices and systens
pressyfg é’é‘géb figthepaidh i j5AeBa? USHPRIYGFONOD137] Next, as

set forth in step 1020, the préessure ring(s) is

contacted with a user's skin layer in the vicinity of
[00134] t ar ge&tillsinbthef Ber@fit of ISFgRtradtidn ddeicemhccordisgi® thapgsént

site, . alinb target site, an abdonen target site or
embogmpeny is;thatghe P’@Fﬁt“éﬁ Fipg() Gmibetisemhto agntrekihp rcen41§01%8dméér which a
’ gluco@cg(ltn%gsﬁe 1 ofr DfextPlRAISE @arﬁbl@gi’s ?(Qlal.lag? ﬁ}&%ﬁgﬂa bR efeBochemical
ayer using any sul

glucosmsﬂnwil i ga.ore dq@uragxaidprecisd i dedSHeampleldtov aiﬁ@p&st wietgbucose sensor is
respect, to enbodi ments of systens and devi ces
constant 05 s@fipgThopresurgrpgehel ISHgaiaGtion deyigesapgprdmgatorths present
et
1nven?ibfl %%19 ro(/ﬁg a%%ﬁ{;)%l?e’dsilf(gg og gxtg%%glruft%& @Egplg)ge 11-':‘0% é&grﬁ?l)ét retraction of

the pﬂe&ﬁr& ﬁngx)t daﬁ%to@dSFrsmﬁpIel‘fﬁ)vﬂﬁﬁ ' tBneéSpdrivd| of el seleyndsite 60 minutes to
enetration
allowpa glucose concentration measurement to be conducted. Once the glucose concentration

measurement is complete, one or more of the pressure rings can be redeployed to continue ISF

extraction. In this manner, a semi-continuous ISF sample extraction can be accomplished.
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menber while pressure is applied to the user's skin
| ayer in an oscillating manner that mtigates an |SF

wo 240679t he extracted | SF, as set forth in stepCl0g4®04/018144
The various oscillating manners, by which pressure is

0010, 5 o g0 5ok 5 R RS e i
ISF ek@Add]deTioes 4cebtding 0GhepREd: B5/cB86Y anlle énhﬁwfe&iriﬁta%aﬁety of

beneficial aspects of various enbodi nents of devices,
systems dnclyding byt peftliveites tacsystenisifer the extirction of e bodily fluid sample and

i [ 2004/ 107977, PCT/1)S2004/ 0181 . .
e T T ——
can beiefgplayed il 9 Sngle ifddaicst suéh %lgtenﬁf ea within the

oscillating pressure ring [00141] Laser Doppler inmage
perfusion data were collected at sem -regul ar :

ihterv I <25 squar ntineter area .
mméa% pr ox ieﬁn%%lféllngq%: gﬁ% ‘ered Weﬁ‘moﬁﬁ | YRUBfouS CBﬁ%@’é’E}roé an ISF sample
from faiudg’ edkipechct Srdird 6 ldﬁ]e@@rhblﬁr;i é?ﬁlﬁﬂ'irﬂbntm%e%@%eigfn\?gﬁltfon includes

ring had an outside dianmeter of 0.53 inches an
providing@mrdeE Eluist extragtion drstiess as R §wuth instegalild Ondhe ISHlbidexadction

o el | oyi t he pressure ring, .against the .
devic il I By R RS o pOeRiSF st i AR Py . o
singl@pRkdusd ribd6r thidertohedBic fn@gsuileoring@.n’Fﬁ@ﬁen}é&rﬁ@orﬁm@ﬁPbMd ressure
. force of 0.5 Ibs, retracted fromthe skin layer for 34
ring(s)ican be penesradon membetsiand prassure rings, de deswyitred tbavedvith respect to ISF

traction s, repeated. The pressure ring was
eXtraétgoﬁls%ﬁifgm? SY&EB}S&?&H&%%ﬂwﬁeﬁﬁﬂgngwtwnr ayer for 5
hours, raised for 1 hour, and finally depl oyed agai nst
the skin for 10 mnutes. The average perfusions in
[00137he 0. 2%extrassef. forth ams step 8210, tar mressareerirgis)vin comadtéewith a user’s skin

raph.of. EIG 12.. 01 As can be seen in the graph .

‘ayef?‘hﬁ%lv&ﬁmli&?f %%{ﬁew%@tg-aﬁgf’h%p ﬁffrg@g Hiswe (3raef site.ch fi@h target site, an
bdoRER Bled? 8ftd HiSdtR} ¢! l
o ARG R el I R SRS Sl Y k. The
pressugspingaan be wonthctpd tstheansdr;s skin lagerpaingaap stitabldechniques including,
basil ine ?1' oo.g (ifl)erfusi. n. However, renoving the .
TRl dhase dpsegiopd aRove Wil resrechty eModipents ot syptemstand deyices
accordgb MRGDrER@LFinelitRml . but actually increased

perfusi on beyond the baseline. Exanple 2: Inpact of an

oscillating pressure ring on | SF glucose |lag [00143] A

ud s perfor to determ ne the i npact of bl ood
UOE F i PR G R USRI —
Ofpfth hd abp NPT i§ | ' i
o 5o ) DS SRS f LABRRIRGANRLLLPs QUERLPRY g epetion
memberbylalstpgessmeds aygited do heaserdskén layer inhain@Bcillaidgd inaener that mitigates
measurenments were nmade on vol ar and

| oo erf usi ( ar.
an IS FREGh SRt B %R oGty e 1040, 6 Ficatavions ppating manners, by
which pressure is applied, in methods according to the present invention have been described

above with respect to FIGs. 1-12.

fore

[00139] The following examples serve to illustrate beneficial aspects of various

embodiments of devices, systems and methods according to the present invention.
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subjects then participated in a test, in which finger

bl ood sanples, control |ISF sanples and treated |ISF
wGaamphem™7iere coll ected at 15 m nute interval SPOWES2084/018144

peri od of 3 to 6 hours. Control |SF sanples were

taln e s ect' s forear Wi thout ,anw skin. .
001455, o "Fampfi L iS55 lop e BE PisTBurk el Y i Etdbion i an
areamﬁﬁltﬁges&ﬂatmmhﬂklrﬁfg the subject's skin [ayer with

an oscillating ressure ring. During the 3 to 6 hour
[00141kst i ngaqgeDioppller ghm@eﬁhm@m data weese M‘I%Ict@é rt sanigpgular intervals from
crowa

i ab .
2 02 3% Lo Rines® ardh SRRForR RO sF i bf R E 3 grwsing atached o

a subjéétcsfforebﬁﬁt TﬂpﬁﬂesMhﬁ%&d AXOREIUS BRAR R of 0S8 iAdHds bidd 4 wall
in bl ood gl ucose 2004/ 107977 PCT/ US2004/ 018144

thlckr{esmquq3 inplest Baseling daBFveraepllestedpsios te deploxug thy pressure ring

ng., [ 150 pounds uar.e i nch, of
again Pk it SR P PhE e o0 B RS abfyed BN o ey for 10
mmutésc—‘&ﬁﬂ 6%?r1ﬁg3fok&:vﬁ‘1) DibsrefactBl f}anecht\!\@hh 14y@r RR30RRinki@s, and then this
low bl ood to perfuse into the sanpling target site.

cycle Bf deployprent argl wsiractinmanastepaatids Thepeessurd eingi was sabmwvntly deployed

. er . ler.lLmager, dlate rior .
againifSREHki FALHIGH PO PP T, HPE O G pind g i for 10
minutk® pm%vefaﬁﬁgéﬁ%lmn@l%é 95 BRGq °M€£suf3en?ent aftd feSshown in the graph of

centineter area centered on the | SF sanpling target

FIG. B.te. [00145] | SF gl ucose neasurenents were nade with
a nodi fied OneTouch(r) Utra(r) glucose neter and
test strip system A sanple of about 1 L of |ISF was

[00149}(t r aC'A%Q:aﬁ bOR:hNE thedGhPM & ME. 1D edeglb?%ﬂ%ﬁi ofSthé feBsur@MfE reduced

a needl e and deposited automati into a
bloodmea”suom irethe areza@nelosdd iynhe peessurs ting fie. ,thiommlvmﬂlsfqnsmas reduced with

eTouc Utra(r ] ucos dstrl
the appRiGe R QL T EEe e SR &) e Brasiae bedGeebPar Bo¥FYegemoving
f
the prtr:rée}ggez 1‘}@% ge[l%rglénéﬂle gﬁgsu'ié)%ﬁ Phl? {chegéréﬁ g@‘é %ﬁ&ggﬁjﬁ Ht%h@i‘ increased
perfuén WYoRd Gt/ bheelthé7 PCT/ US2004/ 018144 [ 00147] TABLE 1

control treatnent area area treatnent control ,
tr eat nent maan mean to controll SF | SF overal | bl ood

T A o
[00143] A study was performed to determine the impact of blood flow on ISF glucose
values during use of an oscillating pressure ring according to exemplary embodiments of the
_present invention. Twenty diabetic subjects underwent a procedure, in which baseline blood
perfusion measurements were made on volar and dorsal portions of the subject’s forearms. The
subjects then participated in a test, in which finger blood samples, control ISF samples and
treated ISF samples were collected at 15 minute intervals over a period of 3 to 6 hours. Control
ISF samples were obtained from the subject’s forearms without any skin layer manipulation and
treated ISF samples were obtained by manipulating the subject’s skin layer with an oscillating
pressure ring. During the 3 to 6 hour testing period, blood glucose was influenced by ingestion
of a microwave meal and diabetes medications including insulin and oral hypoglycemics such

that most subjects experienced a rise and fall in blood glucose.
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IDunits units ratio mn. mn. rnin. 8 97.1 212.9
2.19 30 10 20 9 65.3 170.3 2.61 21 5 16 10 84.0 187.6
WQ@203/1@074 22 11 50.2 117.3 2.34 22 -5 27 12r6GBUL2004/018144

223.5 3.27 12 -2 14 13 95.4 295.2 3.09 30 15 15 14

62.0 150.3 2.42 47 12 35 15 51.7 92.8 1.80 50 10 40

16 80.0 80.9 1.01 41 24 17 17 64.6 107.9 1.67 46 12

18

001 1615 sgod ST Sandledhul cickiodyy. AEPLE pidemtiely £ pounds per
squarg ing# of pressuge with apgeuesgowith 1@ sagpliigifar 3Q Seconds, followed bya$s

mlnut%é&f?aléugj@gl%s%% alg%v% glooéz%igérﬁgsgzﬁtg ge % 6 ylégarggt?s&tg.z gl%%l perfusion

meas@erlﬂtQ v@reglﬁﬁdegwﬁh b & 1GserlDo r~"_[§1a rj(bév 3] @&nﬁﬁedlﬁely prior to
mean: 203.9 2.32 30. 7 D 28.1

obtanngg’b@th@oﬁtrqlgne tgaigd 951 sgnpytlast @.asqﬂéopj;d@ramagm'ga&ﬁsq;enfonned overa?2

show t hat ISF Iu oS i gat.ed an average of
Squarg gempmelgr AR .Ce Fe OHt%Fh%"é“Rﬁr@& g,?t §: 3 minutes (12.8
'SD) to a rrean of 8.7 mnutes (6.6 SD) by use of the
oscillating pressure ring. This lag mtigation was
[00145¢ conplISE gbldoiwnedsereapptﬂ et imade witdh a medifiad ©neTouch® Ultra®
ressure to the subject’'s skin |ayer I@ERSE: manner that

glucoge;meteranthfed! Sér\'/%WSEﬁ‘P spple OfBP%‘Hc} Hlo SVaFxtRcted grom the
dermis %F gt%%\ggjetbtg@scl%ﬁl tﬁt?féﬁ Wa ﬁ&d?evﬁlrdqgﬁosq{ed 2utontiTBF b Smekdurement

zone of the test strip. An unmodified OneTouch Ultra® glucose meter and strip system was

used to determine whole blood glucose values from the finger.

[00146] Lag times in minutes and perfusion measurements are given in Table 1 for each

subject.
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36 WD 2004/ 107977 PCT/ US2004/ 018144 Exanple 3:
Assessnent of calibration nethodol ogy and its i npact
woemoagewracy of an | SF gl ucose sensor [00149]PET/E52004018144
was performed to assess various calibration
nmet hodol ogi es and their 1inpact on system accuracy. A
di abeti c subject underwent a study, in which
[0014Masur efaBLE 10f gl ucose were nade fromthree sanple
types collected in parallel at fifteen mnute
intervals (i.e. neasurenent cycl es) over a 5.5 hour

per odDgri g the—study—a ghtcoseexet-Stot—meas—
i nduced t‘iﬂnif ]g USpIme hgest | %n of a 75 g dextrosq
S

sol biti on. [J®M1501ephe t HeatBentgopiral  (1peimest| | ect ed for
gl ucose neACUY e anwer [tp ¢antrglISEb| 0 ofSF s anpbweesyll
confrol | $Hosdnplbdend anblobd eatmdradllSHosanai! elag Fi nger
bl ofsdbjsetmipesfiisio 'ﬁ’ﬁsiBﬁJ erddstnlape reff red imaigton
finger capidilsar y jupki9od (d6B) , (WRAS C%ig tE%i@
e ISTA L-'Z.H::gzt}gb,- ol o o 0 ndel oy ?El)n
| ayPr_nadidsilat {[dA3and26deat &4l | SE Ranpl edlq TI SF)

wer B0col | ¢84@d f fl86t hel2@bj edd6 s otlder armith |skin
| aygl manilJue ati d173si n@.3an oA | | at kg prespure rli ng.
Al'lliganpl esg#! | epbsgn tispps were rejcprded [py congut er
ting3STamygly, TEeghli NG obn d®A parfy (T 95
nmea Hrenelézdyu 1§n b 2‘4 nd gtucpse congent t+at{i on)

f or feach—gt—the e es heghutose
8Bh %0 anbr Qi at edths [ q|FCB,

conggntr nts of 9I2 ﬁul‘

was|lfeasul®0in #08 i caldlby i ng tiaé One [Tbuch(r))
U tad bl ogslt.6 gl udes® nellers amb t est(18tri pg34 Li f eScan,
M| pgtas, [f6A)2 Reraut edrval uessare the nmeansg of the
tvvlolgeter geegdl n gfzrépr ?ﬁgh SWWHHWG
co ctionofsth sampfe—t S—eH et

met ol-o4¢ 1. & QQS&QU i | m‘m d fgg@ene_cﬁsubi_ect' S
ar nin a WES-6cH9BRar [A6diffékent spte on|$he dorsal
f or Bar m waB.2 sanpibed f oR.18ach 25 ne i Bt erval|l7 A

sanp@Bi ng nmodul e 1298@npljeysd tihglt i nclgudes apressyre
rings a sopdl goyag neg@be, apd an gdapter;for
i nt %Ir_aci 1P alghCcOSE gheST SDIH P Approxjgratety one

Q i PPN b | apnt oo d

m C TTet cQr_recte ||u""h"“’
neefPe peréﬁf?ati 1115\11; nt 25 o det i g < %n

O

T

depli_of abHdf 23813 i ndsldr s 280plicltion d?labout| 15
New8ns ofl56.3r ce 1.0t hel2¥Bi n {3 ough[10a 5. 52hm
di ajpRlaft HEESSUr ©08iong Hhaol | | tqipd cgld ectijppyof dI SF
(me ban T éﬁ(,ll 9,} IIIBO;gf Ugbt, WO CiTv i9UUpUb| ted

in A - anmn. ona 14 1111'Fll3 e Tb chir)
LILA Y3 LA A% ITeTT o \J A T

Utra glucose neasurenent strip. The i nl et area of

ou =L 3P F LT R R O8F g 11

minuls, 1Ch.,rfﬁﬁh lyneda pd 30 B3adinutes (IB%S SDI) kda mean of 8.7 minutes (6.6 SD) by use of

the oscillating pressure ring. This lag mitigation was accomplished by the application and

release of pressure to the subject’s skin layer in a manner that caused an elevation of local blood
perfusion in the ISF sampling areas by an average of 2.3 times (0.6 SD) relative to control

sampling areas.
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measur enent zone. 37 WO 2004/ 107977 PCT/ US2004/ 018144
[00152] TISF was collected on a sanpling nodul e which

woa®4a0ioght |y different than the one used forPC/B52004/018144
Thi s sanpling nodul e was nounted on the subject's

o) et SR ST Ao P a5 ot n 15w
gluco%cgghﬁﬁti ng CISF. In contrast to the collection of

F, TISF was collected fromthe sane site for each
time interval. This sanpling nodul e, which was

T YR I i B —
impacgﬁfg st h&rdche ASkibbbiicQuBjestamtibrvrint 28QUY, id wiRth méddrements of

O had a préssure ring ‘surrounding the needl e, which _
glucoseamerp uside frotthesedemiplectypdsi colleased ingparated atrfiifgfen rinete intervals (i.e.

sanplin dul e_fyrther. included a reseryoir for . .
measuERUHAH JEDRGERS S5 Hoperds DU BEe HHE: oo was induced
through otallin@dsB88 of 275 lol R&iodeUBRioh Dr ummond Scienti fic,

roomall, PA) in~ which a 320 nL volune is collected

whi ch mat ches the swept vol ume of the needle. Once the
requi sjte volunme of |SF was collected, the capil

I
00150f5c b HERARSIPIS eSO iRA S0n gLURSE Biepaiomeotsra finger blood
i f f haf ] t )
sampL, S5 10 AR S B R B2 S A B Ry s
be refedrédbtomd finger dabitlael bleod (KGER), Wesmr oollectbé b xfandad ifingerdhncing.
TISE to th sure t one_which allowed a snall.e

ContrghfSF samplss (e TSEA 2645 Salep v FopHEe SHPIPHES ARERITho)t By sn layer

_ : . v . " .
il g E00S: 84508 T IG8bA ORL @PRIBE K M it
skin 1&fee atanipdsipn using ah lveciRatig ésstufeaingorAll sgnpla dolleetion éinee were

ectrode were decreased to ., accommdate the

| ;

tecordeg| A PTRRIST ity SPRINe revupine P QS GHIR §- PHIETREale number and
Y o . . .

+ oSSR BRI LA el TSR EELAAI S, which

is abbidvtisted A& repeoab sieharatbinutupliéae byhsiag tvea Ont Meuch®eEkarbdood

ring changes to the retracted state in \/(\Qi h the
ghucopeamBeEs g dert pisips SLies BV HRisHC e Raporigdyaligg are the means of the
1L I e, s applied for the bal ance of the
Won%g&r%ﬁi n!g efo{)%at%gﬁ%gﬂie' [ 00153] Table 2 shows the data
collected for the three sanple types collected from
e diabetjc subject over 22 measurenent cycle

th ; ) .. The

0015135 ) { I hecoltestion af e wiodSh siraplatepes Kiiriosin Methgdolese (CISF was
: Com (i [. - e )

ot SRR Ayl S ASEby i BB Bl v v
sampledifoiseach tinrRrinrmas., Awamplinyandiledpenpioved shadinbludes apeskure ring, a

as ICISEF and i TISF. To, K sinmplify the format, of the,
smallggge neediesmdamtrdaptestoripiedasiog it glpeeseriel suips ¢ipasrdmately one
i AP AP0 o3 150 BHs 0 DR AAEERHD Y g e
skin deptiaefhibbutonmillimeters. Application of about 15 Newtons of force on the skin through

a 5.5 mm diameter pressure ring facilitated collection of CISF (median collection time 3.0 sec),
which was deposited in the measurement zone of a modified One Touch® Ultra glucose
measurement strip. The inlet area of the strip was physically modified to interface with the
adapter of the sampling module so that CISF could be directly deposited in the strip

measurement zone.
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iclSF and i TI SF val ues were converted to a series of

gl ucose concentrations using a previously calcul ated
w@200ubo7r1 on equation. The gl ucose concentr at i BCHUSHN4/018144

CISF and TISF are shown in wunits of ng/dL and were

respectively abbreviated as [GclsF and [ TISF. 38 WO

2004/ 107977 PCT/ US2004/ 018144 [00154] Table 2.

[0015&]? af : L?‘F?F‘n%aL %ggﬁg:@a?:ayﬂpzl ngﬁgdﬁquﬁ%%%ﬁﬁg c\gﬁf%ﬁt than the

one u@ﬁOBGISH 2Vhid geimplBrgiiedw@ agdihbudi2d oﬂ 11&: subje20DddiRa fBrbdrm. More
A1 6 5 3 5051008 4 29 804 1171 234 )
specitigpdy, B 35 ugssfor o lsCoRET he g5n sishmis o e apcollpcting
3
CISFE: 'f_iflco?%rg%tjt«g gh% c}‘{lgctﬁ)%lg)f 3@41§F 3’f’1§2 4 Zicgﬁ%&gd %@% tﬁ% gm%elgtte%r each time
intervaD Olhid £@8pl 2@ Edide, wikiclBwas ddhofed10 86 BabusddPa medicAPtade adhesive

1216 .1126_358 331 6 .268 1053 1012 309 297 17 251
patchgigel &da%%% gqugedggdle %831@@81 fgopenghafinghe skin to § gepthoi goput 2 mm,

and al%ﬁ gia%% ére%gzlge %I‘-l%g %%mg%r% tgé %e%l% wtich Wgslptgsﬁéd B%Rrds1Re skin to

collect TISF. The sampling module further included a reservoir for accumulating TISF. In this
test, the reservoir was 0.5 pL glass capillary tubes (Drummond Scientific, Broomall, PA) in
which a 320 nL volume is collected which matches the swept volume of the needle. Once the
requisite volume of ISF was collected, the capillary tube was removed and TISF was transferred
onto a different type of modified One Touch® Ultra glucose measurement strip. This second
strip modification allowed for the direct capillary tube expression of TISF to the measurement
zone which allowed a smaller volume to be measured than the strips used for CISF. In this
second strip modification, only one working electrode was used (as opposed to using two
working electrodes), and the area of the working and reference electrode were decreased to
accommodate the relatively low sample size. It should be noted that pressure is applied only
during the collection of the 320 nL sample which is typically about 85 seconds. After the
requisite volume is collected, the pressure ring changes to the retracted state in which the needle
continues to reside in the dermis. No additional pressure is applied for the balance of the 15

minute interval.

[00153] Table 2 shows the data collected for the three sample types collected from the
diabetic subject over 22 measurement cycles. The results of FCB sample results are shown as a
glucose concentration (i.e. [G]rcp) in units of mg/dL. The results of CISF and TISF are shown
as a current in units of nanoamps, which was respectively abbreviated as icisr and ipsp. To
simplify the format of the data, icisr and imisp were normalized for differences in electrode area
so that they can be directly comparable and employ the same calibration equation. In addition,
icisr and itisr values were converted to a series of glucose concentrations using a previously
calculated calibration equation. The glucose concentrations for CISF and TISF are shown in

units of mg/dL and were respectively abbreviated as [G]cisr and [G]risr-
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[ 00155] For the glucose neasurenent of CISF and TI SF,
the respective nodified neasurenent strips were both
w@adoshemred with an | SF surrogate which al | owsP€T1ES2004/018144

actual glucose concentration to be determined in Cl SF

and TISF. |ISF surrogate is a fluid derived from plasnma

that is intended to mmc |ISF. The use of |SF
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[00158]t h FEBr ardlacosé ﬁﬁa'aﬁlrétﬁ&lt 0¥ bISFJ&‘Ri TS tHeaBFRELV hbdified

F\f\f\lllf

C

such as a One Touch(r) Utra ucose neasurenent
measyrepiept stiips werepoth cadiprajes wish an gSPSmmggtepylgggaliqvm]thg aetual glucose
concifg G35 PR BE o 1% 8 o prasms

that i$ m&@fdwto mifBRISFE Mae hiscCOMBE s@rrd%& SR cAldratiddgirb ks e to the
the one point calibration with It shoul d be noted

fact tha{sielatieeds lar gerentemes 3.k cabput a milliliter) of ISF are difficult to collect. The
calibration process requires relatively large fluid volumes because several calibrants (typically
six) must be prepared. ISF surrogate was prepared using plasma diluted 1:2 (500 microliters +
500 microliters) with isotonic saline. Appropriate volumes of 1 molar glucose solution were
spiked into ISF surrogate to prepare six calibrants having a glucose concentration of 2.5, 5, 10,
20, and 30 mM. For each calibrant glucose concentration, at least 5 replicates were performed
and an average current value was calculated at 5 seconds. Using routine linear regression, a

slope and intercept was calculated for use in a calibration equation which converts current into a
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whi ch represents a situation in which [GFCB is rising
wth time and will be shown to be problematic

w@adoshemri on interval in the absence of |ag mPCES1004018144
but nonet hel ess represents a possible tinme interval

ucos R IGRUTTOR. BRLAT b 20 frop B Lo BRBHE Slpoec éa, g gimilar
n I
cahbratl&gﬁ;:ci(\}gﬁﬁ 5&)@%&5@&&% ég%ﬁdlf&t[ §g[@§g% a‘ndzgg]%': %wﬁ%li%g)wg by eq. 1A and

eq. 1Bepresents the finger capillary blood glucose
concentration at the sixth neasurenent cycle and
i Cl SF, 6 represents the current neasured for a Cl SF

anple at t I X u t cycle. Because the

Lgl ucose congérl?s%at Pgn)gﬁlﬂﬁ Iﬁggﬁ?end to | ag behind the

eq. 18l ucose cond6Giigrat DBnsiTisi- FERA t he use of a FCB
calibration effectively predicts what the I SF gl ucose
concentration will be in the future. 40 WD 2004/ 107977

/ US LA

00158 el o R prteq LAORR R BrcaBb Aok Fhbifd B PRREF be performed by

the mdmdactitee df the tedissipexanpl e and f ol | owi ng exanpl es.
Measurenent cycles 5, 12 and 21 will be further
anal yzed and respectively referred to hereinafter as

[00150721) Irr;IaP I%S gﬁfeg Iﬁ Colf §@'ﬁ% g&e{%edvg Be ﬁ %\ffé)g the purpose of

accurpteBvmensstiyg gimoddedn E3F usings senpirEmtinGyis! @&ontﬁh@ud gludose sensor in
indicates that there is a relatively |arge absolute
systeq pesording {etbn PEssentyinyengionc Shis typerpf oralibeaiion wawdd mosjikely be

perfogg%cﬂ%fr t‘;ﬁg :ﬁgr% R U Yenf! ggpt‘éﬁ.{o'u? bALd R Rud u %lﬁl%(;sggéngf)y 135 fg%r]nple, a

usi ng urroga ran

calibratibh eandbe feofopaed asiﬁg oflyone gm@bmm&@ﬁreﬁfdnt MtﬁlﬂGBlantBa single use
factory calibration usin &Gl SF sanpl e. Measur enent

glucopenepSgFeRt sfripy Wrkses %@@6&9?@1 Ll géuqmgm&gurmﬁmp Insucha

Situatg Qgﬁ"ﬂéﬁ’%ﬁﬁﬁ%‘é f‘]]' %? Cﬁ%ul aé??gljnees &%@%gﬁaff g’sg g an a ﬁCh is

abbrev it [BIQe FEQT AS b5 aibitteP e ¢RBHAIN inficabhreettSdydld 6 \aasxrsed for
poj nt. FCB cal i bration. For_ such a case, a} 3 can be
perfoaemg\ﬂ@dorfedronpfrcebbr@tl% ithRCRy| T sksadd be Beied Hat mepwvieraent cycle 6

whicH reﬁfesgﬁtk 0 Qithon WG ['GS_]FC%QQ L& }{é FifdieRS ad il 5 oW to be

problematic calibration interval in the absence of lag mitigation, but nonetheless represents a

possible time interval that a user may select. Using a simple proportion, the calibration equation

can be represented by eq. 2.

. Glpess . 362 .
eq. 2 [Glewsr res =icise “._Fcﬁi =leppX = i yep x0.45
Leisr 6 804

[00158] In eq. 2, [G]rce,6 represents the finger capillary blood glucose concentration at the
sixth measurement cycle and icisg represents the current measured for a CISF sample at the
sixth measurement cycle. Because the glucose concentrations in ISF tend to lag behind the
glucose concentrations in FCB, the use of a FCB calibration effectively predicts what the ISF

glucose concentration will be in the future.
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[00162] e . Gx [GFcB,6 =i x 362 _ i x0.309 q' [
JTISF,FCB =1 ISF TISF - TISF 1TISF, 6 1171 [00163]
w@oiher7t o eq. 2, eq. 3 al so used neasur enent PCHUF®06018144
for performing the calibration wth FCB. Table 4
shows a conparison of [GTISF, FCB and [ cl SF for the
three measurement cycles. The absolute error (83 to
[0015975 MUFEEintpBEMEpipades) thE afHIGOSFonE A POFtion B FRbIEI2NGill be
Tl SF using a one p0| nt FCB calibration and a factory
described irthistsxamplesinddodowisE exaroples ghficasusernemts caelessS,i 1€ and 21 will be
smal.l er, t . sol ute err.or (14 v d »s
ForthelFagyeer A Sppeets o Sfedied 1 ReCingh B Hgfngr o ighte B “iding
Table@dﬁ@ﬁ@ alcBhPatifth of[Gld; ¥ Pind [@fa&.] fo¢ ﬁl%the@ SréVidusBahémidned
when using FCB to Ca rate an | SF gl ucose sensor for
measyrhmentuayoles Phedite mdmtasfthat Srrglsucobdivelydage tbseluto prgor between an

41 WO 2004/ 107977 / US2004/ 01 0164
ISF g](%?ﬁfzﬁi 1395 H‘eafufa}ge@ggumngr_a@e é)g}n? %'?Dii 9%1% E\J; ]apg eg%q?g;y ‘calibration
usmg%qspkgﬁﬁg%awcgmﬁgs a TISF sanple. Measurenent
TI SF, FCB [ G Tl SF Absolute cycle (ng/dL) (ng/dL)

Error Rising 311 296 16 Stable 380 362 18 Falli ng

Ol R G o s L M —

CISFegpentration in FCB. In general, physicians nmay
prefer to use the gl ucose concentration in FCB as the
basis for determ ning the appropriate therapy for

—helg—ppa—ﬁﬁ Mntrol the—dt+gease——s{ate because this is

Meagprement] dSHleiseran b [ Hasr )égf‘fﬁﬁtﬁwe. However, a |large

ectspor f| i Gm. )t hémgsihd [ nEses dnd mini mal |y invasive

0 UW Tlﬁg n commercialized or are

4§nghe precess—ot 34 A §v...._rci alized use mainly | SF

Saple nofl hiM  The3dk ofe 1Bhefe is a need for

FeBingmat i ng38the | gl 2os¢ ctdcentration in capillary

bl ood using a conti nuous or sem -continuous |SF

| ucose sensor. [00166] Table 5 shows a conparison of

e

aone |Pé e?aE%Faglroa B Fs%%q\g:\% 2 rc)gf,eﬂ aq h,?»eca kbts oci%gvgd ! rg?erdn%tmg éléeeglucose
concs’hﬁlﬁﬁ%ﬂbi{ faldtsm%nr%mﬁ@msm ﬁ&bﬁre@ia&lﬂ SHBIHEGRENT
calibrated w

. 362 .
[00162] Q.3  [Glus,rep = inse* M—G = Ipgp X ——— = IepX0.309
A 1171
[00163] Similar to eq. 2, eq. 3 also used measurement cycle 6 for performing the

calibration with FCB. Table 4 shows a comparison of [G]TISF,F(;B and [G]cisr for the three
measurement cycles. The absolute error (83 to 175 mg/dL) between an ISF glucose sensor
measuring TISF using a one point FCB calibration and a factory calibration using 6 ISF
surrogate calibrants is smaller than the overall absolute error (14-18 mg/dL) shown in Table 3.
Therefore, Tables 3 and 4 demonstrate the utility of ISF glucose lag mitigation when using FCB

to calibrate an ISF glucose sensor for the future prediction of ISF glucose concentrations.
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[00167] Table 5. Accuracy assessnent of a Cl SF
nmeasur enent using one point FCB for estimating the
w@bkmgns®7roncentration in FCB Measurenment [ G QrSHUSI0B/018144
[ G FCB Absol ute cycl e (ng/dL) (mg/dL) Error Risi ng
7 311, 84, Stable 348 195 185 . .
1001670, 5 Tabig 4 CofPafieeol o1t BABL BRI bR Doy tatestor aibuaipn using o
TISF §dapt6B for the three neasurenent cycles. [§ cl sF, Ti sF
represents the glucose concentration in a Cl SF sanpl e
that was calibrated using a TISF sanple and a FCB
—eg d to cal cul ate
'[Qil'wmsz BHOPARSRLTy PCT/ US2004/ 018144
SEnFMBF F(thgdBFX E@PFCB, 6 | TI SFX 362 _
O 305111 Dl-:ﬁ'ﬁll/l 1§01p9] Table 6. Accuracy

§§EE SS Icut??’;;f aWam using a TI SF sanpl e
‘ h 38 Measit en

ng the gl ucose
Falipgent r at430n i ent [ G CI SF, TI SF [ G FCB
Absolute «cycle (ng/dL) (nmg/dL) Error Rising 156 311
le 347 348 1, Falling 261 195 66 [ 00170

[0016%12npar @gﬁ ue?sefgs?%lt@tl%@e@%wtﬁ saeberused fpcpredie the.gtucose

cone By TS B B8 AR SFA Nl cpisionin

as thedasis for determaning th'etapﬂropwaﬁe hherhiSHoa helpfrigBonfrol tht dResaStite because
npl e, the absol ute

.. usin TISF. s l e and a FCB sa
this 1S§F§t830£1§ whag %Srabrzﬂga [dopf cHowever, atargeiMopartipn phigie continuous and
$he e

PR EIR AN B Pl el Wbl AIDRA SEgle T
comnsrcnairzed sishingindy [SRundtdoeblobd.s il“h eforgabete é9ided foydtithatig the
I Tabl e 6. However, the overall average error is smaller
glucoge goncepiration i ¢apiliesy, ploog uging @wonwuéys segirroniggpus ISF glucose
Sensofﬂtl gation (74 ng/dL in Table 6 vs. 142 ng/dL in Table

5). Therefore, even though CISF is collected and

tested without lag mtigation, there is still an

Irpr ov in being able to estimate capillary
[00168] ;¢ 0s Enﬁlﬁé LAY &tCPB‘ll?ér ijon of g ] qsremaidGilradorcthe FﬂH peymeasurement

cycleél\’i T dhta¥no@R Ghat the absolute error is relatively large when trying to estimate the
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Riihe> X

eq.

mini TOCess of being

glucose concentration in FCB using a CISF measurement calibrated with FCB.

[00167]

estimating the glucose concentration in FCB

Table 5. Accuracy assessment of a CISF measurement using one point FCB for

Measurement | [Glcispres | [Glecs | Absolute
cycle (mg/dL) | (mg/dL)| Error
Rising 227 311 84
Stable 505 348 157
Falling 380 195 185
[00168] Table 6 shows a comparison of [GlciserisF and [Glrcp for the three measurement

cycles. [G]cskisr represents the glucose concentration in a CISF sample that was calibrated

using a TISF sample and a FCB sample. An eq. 4 was developed to calculate [G]cisk,TisE-
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FCB. [00171] Table 7 shows a conparison of [ TISF and
[G FCB for the three neasurenent cycles. The data
wG@hegodhat t he absolute error is smaller for PCT/US2004/018144
estimating the glucose concentration in FCB using a
TI SF sanple (0 to 35 ng/dL, see Table 7) instead of a
Cl SF sanple (84 to 185 ny/dL, see Table 5), both of
whi ch were cali brat using F Therefore, the use of
4 lag at i =Vj Qi |&0@ggur acy when
4 oot rrg{d;]r‘f’gF @5gllqlﬁs§cryn§plsoodngl dddte concentrations
using an | SF gl ucose sensor. [00172] Table 7. Accuracy
assessment of a TISF neasurenment using one point FCB

00 oD S e tbel  Ga8h s g S A ample and o
te cycle (ng/dL)
FCBs %@8%?%““% %?%dgggg'f%%ﬁ%ﬁ g@% e 380 348 32
Fal ling 230" 195 35 [00173] Al though di sposabl e test

strips are described in this exanple to neasure | SF

WePSRent | 161 &2EPN FO1RR CARGRRES di scussed herein

al so p|c?l / go ﬁﬂx s&n& Eﬁ neasures | SF gl ucose
gépfé&ﬁ&hg oh el pnt i nuous gl ucose
seRising. The I86evi pusily desddbbed calibration
mesSkhdiol ogi esqghow t 338 use af lpg mtigation prior to

CapyRRATT PN TJgAT OVES @6CUf acCyg T pr estimating either
— S, Ol T = FOCoS ncentr.ati .
mmﬁier ef %r‘é)mﬂ?ﬁ'é%n §f§ Q’blles%én %?ﬁ‘%% @aﬁﬁlgggena%u%%nf g?%fs%?cé) se in CISE
gives QB@tte?iébtluln% of @a[:hn ty%[dod\/ghhdosé esiReitrARntvieh thESF sensor is calibrated
cal i bration al gori (equations) described in this

with BSE rapdi ECEs rFom ¢hecgast wsiegla TES Esamplersncie EGBmgle; ghe absolute error is

e RSB i PRk OB B B e

using Qﬁly eﬂr@lk X&fhﬁle'ﬁ’d‘ﬁﬂﬂ@% t[he GBIdLutt 3frOr HRgHek ﬁfr}th@“‘t@ih@g” measurement
gl tcose concentrations based on | SF neasurenent data.

cycle ExEahit 6. Howesst, tiewyorll avergedemroniasmakieriipr the gegedgylablp 6 which

B 41 T
conn G5BT B Bl o SR TSP 0 o, cven
thougH‘ﬂiSF'Ih Gfiecred afd ¥SRA HithdBhdhifdn Mhsf ib BEle¥n {dbyement in being
4: median time since onset: 18.0 years)

able tp aﬂtmaic papiliatyigincase enniénizationnifithe ISEF sapgor dsesdibratest with TISF and
FCB whi ch neasurenents of gl ucose were

—

[00171] Table 7 shows a comparison of [G]risr and [G]gcs for the three measurement
cycles. The data shows that the absolute error is smaller for estimating the glucose concentration
in FCB using a TISF sample (0 to 35 mg/dL, see Table 7) instead of a CISF sample (84 to 185
mg/dL, see Table 5), both of which were calibrated using FCB. Therefore, the use of lag

mitigation is clearly superior in accuracy when estimating capillary blood glucose concentrations

using an ISF glucose sensor.

[00172] Table 7. Accuracy assessment of a TISF measurement using one point FCB

calibration for estimating the glucose concentration in FCB
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made fromthree sanples collected at fifteen mnute

intervals (a neasurenent cycle) over a five to siXx
whown/1gporT od. [00175] During the test, a gl ucoBET/US2004/018144

excursion was induced through oral ingestion of either

| 12 subj ects, deened the
MeasuRseenk p Halsaxcelc { Slice qrAbse eating habit (by 10
cptlber pu@n@dly, | @GegdEX theor EH subj ects"). Subjects

Tﬁj?fﬁﬁ treir prescribed insulin
RO T onoll; Aj' . [00176] The three
St?l_? | e g asutenent were fi nger capillary
Fillinpd fan?36d by 198 andar3p fihger capillary bl ood

Iancing, and two | SF sanples (control and test |SF

sanpl es as described below, one_fromeach arm of
[00173hch sdAdibewgh diapasalg fast srippae desgribgd i thisexample to measure ISF

egar .44 /
glucoge ﬁ{% ?ﬁﬁlra ion cé%gétg gzyc&sQZc? %%aﬁg%oﬁﬁﬁp‘? aﬂ%eén‘%{ \Qﬁlch n;easures ISF
gluco@adspedi)ﬂlyf S&nﬁ@bnt@rﬁibbs ﬁlﬁd éoneinSeuslesatengash Thé)bretvit&lsly described
measurenent intervals. Finger capillary blgod.glucose
calibrogion methedelegies shosiihes w08 lqunmge oméorre Gelthratjon jmprgyes accuracy
r Cq
fores %n?ﬁrg% hle(f gifF 'ﬁ%ﬁ ot c&@ 46(1)? ué(é&?%&%{o?@ ﬁeer?feore once apprlsed
of thet eﬁi&ﬁétﬁosmf:e ohe sltﬂ/l&i nehe ﬁrt ek téoognizé tHat drchlibratiph elgonthms
0177] The col l ection of the ISF sa | es frogm each
(equa @Irﬁb d?ﬁfcflb?‘b@ this examplsgan by gmployed Bhaystemn acPUAME P gmbodiments of

the pr sgﬁé’ I%osna‘r:]tg)? %l?%&é Qﬁlb?ﬁﬂ)tn] q‘i’%orlﬂ%gs?:; € %ﬁ@g}l?delrp es%rtnphng or
analyﬁ@ﬁ%ldhl@g tcS¢all @108 cgilarg blovdIghicoke ot ntARionokased be ISF aieesurement
mcroliter of |SF was collected through a snall gauge
data. needl e penetrating into the dermal |ayer to a skin
depth of -2 mm Application of -15 N of force on the
skin through a 5.5 nm di aneter pressure ring
Exanipd¢it! i ISFGRic6§) LACMifigatiin Meehddo ﬁfﬁﬁj’&s(ﬂi‘@d{lﬂg Cycling
collection time 3.0 sec, N=553), i ch was
subsequently deposited in the nmeasur enent zone of a
di fied. . Tou Qs S
or7AB o) GRSt et R RS (RS MR R4 H e 2
medidnHpSBECRals; hia,dﬁﬁ Bodg apiss [nde@ r(Bl\/ﬂ)ezi SFmediaP iR Girky Shssm 18.0
so that the I SF could be directly sarrpl ed and
yearsm&s@patedj ir gn ethige coramitipe rpproved Fashin widelemepsygerrayts ef-glucose were
made rhogl% g}rgeesr az coﬂﬁ%ta &%Ig%en%gﬁltggﬁt%rv%é é% ?;rllec':%eur%nent cycle) over a five
to Slxrﬁ@uf]p@gbdon the dorsal forearm This device, which was
adhered to the armusing a nmedical grade adhesive
patch, consisted of a small gauge needl e penetrating

00751, S BrePuSl Rl 0B oo e ot pgsyig o i
a75 g 8@rokd @mdmm(b?rq 2Gabje6rs ! deBmea iR ‘58 fl0ddSubjebtd” )t dtindrmal eating habit

test, |ISF sa es of 320 nL, equivalent to the
(by 10 other subjects, deemed the “NEH subj ects”) Subjects managed the ingestion with their

%

prescribed insulin injections or oral medications.
[00176] The three samples for glucose measurement were finger capillary blood sampled

by standard finger capillary blood lancing, and two ISF samples (control and test ISF samples as

described below), one from each arm of each subject. All sample collection times were recorded
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swept vol une of the needle, were collected into 0.5 L
gl ass capillary tubes (commercially available from
woeaatrered? Sci entific, Broomall, PA). [00179] OpCEUS1v64/018144
requi site volune of |ISF was collected, the capillary
by con‘iﬁi@@r tﬁ@éstﬁxﬁﬁﬁgel@sulﬁﬁ‘ ik eI éﬁc@@éﬁ’ a&a %ﬁﬁis R efctfof the samples at each
fied One Touch a glucdose neasurement strip
~of the mamuﬁ éntexyhlsc @mer trznnﬂiars blvod gtluosd wamdasmredamdunhcate by two

one TR A GBS AT EAT e s

valuesS8Firte@ e 4aBhd MehR orBRSioatetthRAdings f63 éadh dafiple.t hese
strips. For both ISF glucose measurenents, the

nodi fi ed neasurenent strips were prospectlvely

lib t.h { t hat
wor7 G5 o ThEseliieat s PR3 Ehe Rgiten | 8ERGHgtoxy. On
one arfnf®dndbidlly SAEM & Sdes#ERat PR AIA{rd DI afmPSabh UG RAdid IS was

[00180] For the collection of the test |ISF sanples,
collectsd dromup diffesent appplinesitepyheidersdl Jorenun. Appioainatelsi ope microliter of

ISF Wzks':(g%lgégd %?l&%r%)%]malf %%d? g‘? eollaén% it L0 %g) tﬂg 8?’1%’3 ?a r to, anskm depth

of ~2 ApP| Apslicatitn 6f ~15 €S Bree 610tlfe@ﬁmr thit@hgh u@m&ﬂﬂlﬁﬂleieh Bressure ring
needl e was Stﬁﬁfed al t hough the needle continued to

facilitated oflection efibe fdf saneple (gedip eollsedensme S%hgcaq;ﬁj?@gwhwh was
s AL Bk S5 3 1 BByt s o

measugdnmian Seip\fat glesose inaasiirkmentd &Hie%trlpstwdrs modéffddrie hit@ace with an
nﬁéFB the tines at which sanple i s obtained from .
adaptey fQr the, IRF sgmphing s¥stemn se H@éth%F geuldhsdiregily yagpled and deposited in
agﬂp Jreans that a one-cycle tine axis shift
the str &ﬁﬁ?%é¢2§P account for the fact that the 320 nL
| SF sanple actually collected during a particular
ycl e h d been residing in the needle (dead vo

[0017850 L) G et herempdesianaied theoleptdst agh, wr@r%ype q0ﬁt1wﬁ1§ ISF
collecﬁ@ﬁ/ devfi'&: WeeHbRHE& B aR o ’Fsb{)f %@% ’ﬂ:lSO@V?&l W}]ect&g%df?&ed to the

made relative to I nger
arm ugigea sgdiecal ghdd adbesive pach,[00i&2] oﬂm smalé ppigamgedle [renetratlng the skin

toa defgy (r)fs a%qggg el 3@&3%&%}1{%&?@&9“@1% ﬁa@s no wh1c1'1: was pushed
into tlﬂ%ﬁﬁMb ROBEY: 8 shflple/b8 IS BELR AR 1SF SQIInEfeE %f'32f55nL t‘:t'q{Havalent to the

the one cycle tine shift for the test
swept tvolmlaaof the pexdle; aveed qolleapd ase 05l plass capidlasgt tquH ((cbmmermally

. each of the three s xtracted fromthe body.
avallaglﬁ TR bémgﬁ‘f’f‘ilg n%&’.o‘?lﬂﬁ‘ %1'@ fact that, in the

case of the test I SF, the sanple is extracted fromthe
body, but still resident in the 320 nL bore of the
[00179annul @ncathie tréquisiteoobangofSE dvasrtblediétd tieaqbillagy tabt wias removed

o 0055 LSt b o RBLA e FRG5 R L i s g s

glucose e tTWRESR col¥Bstrip modification allowed for the direct capillary tube expression of the

sample in the measurement zone, allowing a smaller volume to be measured than is usual for
these strips. For both ISF glucose measurements, the modified measurement strips were

prospectively calibrated with an ISF surrogate so that ISF glucose was directly determined for

both the control ISF and test ISF samples.
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| SF and bl ood sanples. [00183] A conparison of all of

the data collected for the 22 subjects is shown in
wWOo-2@@8/107916A and 16B, whi ch shows net hod conparPGDNS2004/018144

-pl ot s superinposed on a Carke Error Gid. darke

0018} €1 ¢ oE0F R 55 o5 PR e TR PRl ftssiy W bty doring the
collectioh OF 32088 Nsalifpte Rhedsh @ﬂéctio%finﬁ@w@éc NSg36) A@f@ﬁ@&ﬁulsm
percent bias and nean percent absoluté errdr (MPAE)

volungreweseenllectad, the applisaiden ¢f pregsurelsd dleecring sirwseding theaeediadvas

stoppieh v R, ealfi ¢ Paf o 30RMin e ASYS, No sy Biessugg was applied

forth@bﬁl@ﬂce&*eﬁ&?fﬁrﬂlﬂﬁgc%ﬂ@rﬂ?é}{? girol ISk statistic control
I SF test |SF 46 WD 2004/ 107977 PCT/ US2004/ 018144

% nA 53.9% 72. 3% % nB 39. 6% 26. 3% %nCO 2%0 9% %

[Oﬂlélﬂt erc e%"/cr) t %ﬁ’mg}”zs%g 0 00/ 51%%’@)1(2)2}0 Ecopg @algqs n eggme basis, it is

desué['ﬂ“[g npdt&rc'th@ Whes 4t whithl chh 1s%%ta€’ne]dAfr(§n th Ev@th its glucose

I's noted that there may be a significant
values ¥et t=hmi¢st ES]Ebsanmplem thihmesmsshatlaSine- oyehSmneeammlet whak @erfarimed to

N T PNy T T T R
been fc'légrﬂlﬁ% ﬁtqﬁgﬁe%tdleefs{th%% Wé 320 hﬂjasﬁée tﬁ@ﬁf&kzﬁmﬁ %llle%ﬁl)h 9 e. In this

ere zero tine e sta
way, aamutassmeas'ﬁl'ﬁeoﬁmm&okigmablag leen Hatmadé celativieao fm@r\lﬂoolﬁsaglples
eci ., Since glycemc range and trendi ng were

sub
collecéch%&t}éq re aﬂ@%é‘n@ubj ects than the NEH subjects, and
so serve best to illustrate the point. The roughly

si nusoi dal bias pattern for the control |ISF
[00182pas ur e randxsmplary ting cbimge platrebradied Ser quedubject is Shown in FIG. 15.

&ener ally etgat ive bias during the ) )
This shows the result or the glucose measurements in the three samples plotted vs. time. With
the one cycle time shift for the test ISF, the time axis accurately represents the time at which
each of the three samples was extracted from the body. The time shift accounts for the fact that,
in the case of the test ISF, the sample is extracted from the body, but still resident in the 320 nL
bore of the cannula, waiting to be pushed into the capillary tube for the next time point
measurement. Therefore, the plot accurately reflects the physiological glucose lag between the

ISF and blood samples.

[00183] A comparison of all of the data collected for the 22 subjects is shown in FIGs.
16A and 16B, which shows method comparison plots superimposed on a Clarke Error Grid. -
Clarke Error Grid statistics, regression statistics (slope, intercept and correlation coefficient, R),
standard error between the blood and ISF values (Sy.x), average percent bias and mean percent
absolute error (MPAE) between the reference finger blood glucose values and ISF glucose
values are shown in Table 8. By all measures the test ISF provides a better estimate of blood

glucose than the control ISF.

statistic control ISF test ISF
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00183 225 i3 2o Fhal ERe thag be 2 sianificant syMematic bias i the test ISF

measurements. FIG. 17 shows a plot of ISF measurement bias relative to the reference finger
blood values for both of the ISF measurements, plotted vs. time of sample collection during the
testing, where zero time is the start of each test. The plot Shows the data for the twelve 75 g load
subjects, since glycemic range and trending were greater for these subjects than the NEH
subjects, and so serve best to illustrate the point. The roughly sinusoidal bias pattern for the
control ISF measurements mirrors the time course plots, i.e., generally negative bias during the
period of rising blood glucose, turning to generally positive bias towards the end of the test when
glucose is falling. The test ISF, however, has a generally flat bias response vs. test time, with an
average bias of 10.7% (10.0% overall, including all subjects, see Table 8). This flat bias
response potentially indicates a simple calibration offset, which can easily be corrected by

subtracting 10% from all test ISF values.

[00185]

blood glucose when this bias correction is performed, and Table 9 shows the Clarke Error Grid,

FIG. 18 shows the regression plot of the test ISF glucose vs. reference finger

regression, and error statistics when this mean centering bias correction is applied to both test
(10% bias correction from Table 8) and control ISF (4.9% bias correction from Table 8)

measurements. The bias correction for the control ISF has little effect on the overall accuracy.
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[0018%3""9' esl‘lfe%&ttﬁéf ‘?het &ntrgﬁs%%éarsg}en{eﬁ{:s @&Pﬂ t%g)af%(a{edgx 1$ %Vldent from

(elp

a com;mnamhd)ié'ﬂa‘bdb 8 and Talﬂ@Qchﬂrcﬂ\ISF agalt)dgditatednhdBany daﬁbr%t15n error is a
m nutes, or a 95% reduction of the physiological |a

minoxcMmpenentretrrorosdhess measirements. Thyse II&%I)(W&]F_% el poentiaffor
nnpr&v%ﬂleQ{ i Igf?%il&sséqngésg?e&ﬁe%& relative to finger blood glucose measurements when

a treatment such as the slow pressure ring modulation is applied to the ISF sampling area.

[00187]

finger blood samples was calculated for each subject as a way of determining the amount of lag

The average glucose lag time between each of the ISF samples and the reference

mitigation achieved by the continuous ISF extraction device when compared to the lag of the
discretely sampled control ISF samples. The lag between ISF and blood glucose was measured

by finding the minimum error between these measurements when the time axis for the ISF
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(mnutes) (mnutes) (mnutes) 1 75g load 38 -3 41 108%
2 759 load 42 -1 43 102% 3 75g load 40 15 25 63% 4
w(Qsshomd7 28 -3 31 111% 5 759 | oad 28 6 22 79P6T/6S2084018144

| oad 39 3 36 92% 7 759 Ioad 60 1 59 98% 8 75g | oad
50 9 41 % . 9 75 481 10 75g load 40 -8 .
measijgmonh i SIrela (ouas 445 Chghaond msRpes g, HorrNiance in time)

that tﬁ%%é@%@ A48 SdteveliBe Mihindfn 3tr3r7ls %Oﬁvl?agyﬁiéaguz ?21aégfor a
3% 14 NEH 27 -8 35 130% 15 NEH 25 5 2 80/o

partlcslatb payect. TBis3n2hdsl 8as [PeibUsly mmdm rektulble, & &’S’Bﬁig& todrdl 48T lag time
0

of 25 tligg(gosg%a %)egc %gaé%tsg Sﬁ%ﬁ %}ag Il‘é)défleél for yyls 2)sigula{)subject

calcul-ﬁﬁ&lr Fatidd tﬂla(?loal&%po'sft‘é @zﬁ? §ét'cﬁﬂ:’ulﬁtmﬁ hPof@(taHfbﬂ‘J FRE@993 and 19B show

bet ween | SF and bl ood gl ucose appears to
the ersorgils: tirne plotd ysed mjdﬂtammg/tlm avetape dorttivhtind tesﬂ ISHda;g timeofbr one
usi on el evation, such as the nodul ated pressure
Sub]egtlﬂ ReHEPESR% on et hodol ogy applied in the, test
descri bed here. It is, therefore, hypothesized that
the nodul ated pressure application in this test acts
[00188) i ncr é‘able 16Isboets psurhmaiyoof thaindividud bebjéBealsalagidiavgrage lag

tmes Jit Gicl PE L Gl 1P E riplesptolativets finger bibod glicbse. Only 15 of the 22
subjects are represented here. For the other seven subjects (one of the 12 in the 75 g load group,
and six of the 10 NEH subjects), either not enough data were available for the calculation or they
did not display enough change in glycemic range in order to make a meaningful lag
determination. As the table shows, there is a remarkable reduction in lag time for the test ISF
samples relative to the control ISF samples for every subject. On average, a lag reduction of

35.8 minutes is achieved, cutting the average lag from 38.3 to 2.5 minutes, or a 95% reduction of

the physiological lag.
Subject | Test Type | Control | Test ISF Lag % Lag
ISF lag Lag Difference | mitigation
(minutes) | (minutes) { (minutes)

1 75g load 38 -3 41 108%
2 75g load 42 -1 43 102%
3 75g load 40 15 25 63%
4 75g load 28 -3 31 111%
5 75g load 28 6 22 79%
6 75g load 39 3 36 92%
7 75g load 60 1 59 98%
8 75g load 50 9 41 82%
9 75g load 42 8 34 81%
10 75g load 40 -8 48 120%
11 75g load 60 10 50 83%
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[00191]

dul. e and the | oca
in the art without departing from the invention.

con

troll er, nodul e

A system for monitoring an analyte in Interstitial Fluid (ISF) of a user, the system

comprising: a cartridge including an analysis module for measuring an analyte in the ISF of the

user; and a local controller module in electronic communication with the cartridge, the local

controller configured to receive measurement data from the analysis module and store the data,
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anal ysis nodul e and the I ocal controller nodule
enpl oys a calibration algorithmthat depends on a
[00192] ucos & syteoefor extracting arbeddy fled sampin awphoditoringlylwose therein, the
and neasure afromt anal sis nmodul e._In the .
Systerafcem@rf@ﬁ& 8 &aogaggt%m@ﬁ%ms ng TPl gwﬁ I fox cxpfpcting a bodily
fl déa%&:l dad [ ‘!EEFJP%t [ Bludds€ iPBe b¥&ilyPtiuid
o no e [ s 0 a djﬁlévlmﬁgﬁ%lrg Eog%gegsqr 11t| gé\ﬂﬁon y i
samplEh aznds:alqahlj omgtmk]niuhmiudﬁ mteﬂm:tronfcax)anmmmadmn avithythe disposable cartridge,

raph includes at | east ressure rin
the lwﬂéoggﬁlﬁﬂr%ﬁ ieres i rEckie PRASUERRANS A £I0BH S 209138 FYGHLe and store
the dz{tQ Iﬁh&éﬁl agfegsﬁ’la é of tfﬁe %Bél?éié ﬁﬁ{)dﬁﬁ%ﬂd 1A cd RBnR61R3 S dle employs a

I's capa appfying the pressure in an
cahbnagmp hllgaﬂthngtha’edupendsvdne& ghgosa moﬂm‘b‘ﬁtrghamsasufealgrom capillary blood and

d, Th h f
R
bodil pid isla ?§ Eﬁ‘[gp p{)@ fir'4h ﬁﬂeﬁlgntadh% 88 thE 883y i€module is

ing s capa ying t pressure in an
obtainsicwith I8H glgcoya tagemitighore b’yheaaanipﬂiﬁg odadoiesef thagforeanentloned system in

this phyagraphdal eégoﬁgﬁﬁa?p?%ﬁrg Gk, The Ayl TR i e fpgementioned
systeﬁﬁﬁﬁ&??h&ﬁ%éh Fs'e fi 3808 A00e gfe@t{)utré hﬁ% %fci E’IQBAHS aé%’llyelﬁg the

sanpl | extracti ng .
presshiredman ob@ﬂg»tmgamhmnwhaabysm EHgldedse 1doas niidgeted. | Tiip sampling
nalyte_in the bodil
modu?e o% %e aforementione(? systeym in this paragraph includes a penetration member, at least
one pressure ring and the pressure ring is capable of applying the pressure in an oscillating

manner whereby an ISF glucose lag is mitigated.
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fluid sanple; and a local controller nodule in
el ectronic communi cation with the di sposable
w@a0anomge, the | ocal controller configured toPCEUSI006€018144
measur enent data fromthe analysis nDduIe and store
ei n the sanpling, nmodul e enp

dat wh
(0015, o gqng%ag%togla&ﬁv analyg i 3 wwrﬂmé@ﬁﬁ.uaﬂethew%em
! f
compBSE: ?g%ﬁ@‘% %Bﬁdtg% BRSO bRl e B dyrngf analyte in

the bcﬁdllyl fhhid kaﬁﬁ)le ;smdalleca oontiallemarduledn gleozoisie comniulnﬁzahéiFth the

. s%érrple, \A@)relnthe sanpling nodul e furthe

dispog ?%?afé@gﬁé% Cﬁlcﬁonﬁpklffrg?aflflalgeqi e@?l&%@ésufraaentﬂn@ from the

analy§§$ ARtuleUnd Hokd SR daPIwhetei %jltlfgagtc'@nel (ﬁQhé)%na'ieﬂ?sl module and the local
nploys a 1ag

or ement | oned systén1|n aragrap

controlldr ingatilengnyslbysd eadibratibhelgoeidias tﬁaﬂ) depentls gt igh@oseSfoncentration
cose | aigwgf the aforenmenti oned system _in this

I
measgraa ATPRERUERpPlogd and peasitement dataram gata@allyss ngcrdyke@sle the
aforelg?ﬂtrlon-gﬁg 'ﬁga l;oQﬁl rﬁu‘id sdnpl @% aln§§F sr |

y %ﬁﬁt eargez%&re fit data from
or ene n I one

the arabysis thodidé B dbSifn@l \ml@m? glhage légmltigaa@;s Tl@er safiplingaiddude of the
| SF gl ucose | ag of the aforenentioned systemin this
afore@amggxe |§Y§teflé b Bar@a@mluwpkuéewtlwgbw nressug tiRgo skhe| sagpling
f
moduTt?gfr tggng%f‘l et 8H%é(§/ %@%‘iﬁr}l ngth{ ﬁx a%p ) gsc‘ rg%r!f re% ﬁu&:ﬁ] ﬁlat the pressure ring
is capbR A pplPing Mhd Presdude #il dni (ﬂ@ﬂl@tlﬂgﬁ'ﬁaﬂidﬂ Wh‘éféb?r ag ISF gﬁmm lag is
.. 2004/ 107977 PCT/ US2004/ 018144 The means
mitigpted ghe samplingmepulg-efthe p@ger@«fntlon@d afsmwethtsummaaph includes a

penetﬁ%ﬁ)?l%:;ﬁ l{& gaE iegl tp(ﬁHL 3}9{)%’@& %r‘[iﬁl]d ??(e g%g&ﬁﬁér#%ﬁ able ci)faaé)_plying the

pressuidén ﬁii‘aitﬁllaftﬁhg mdfink# @ﬁél‘eﬁﬁaﬂ BF ghetsowg ib ﬁﬁtlgﬁted h e
af orenenti oned systemin this paragraph enploys a

combi nat i on of at | east tvvo of alag mtigating

oosS12"% <3 sl FARRHheeSBhan DS 4Pt meprmgen g e,
the syBRAY clrRpriBing: gaa(‘hgpds%e @hﬂﬂﬁ&g“eelnblﬁ@mg:[ 8Q285lin mB sk €6 dxBcting a

extractln a bo fluid sanple and nonitoring an

bodﬂa ﬂan@&amp@mmreualbodyx anl @;ﬁ@a@ms ol for mgasusingiag poakilslin the bodily

i AL 405 T R D FRR L PO B S G ShL Bposae
cartrifiBs] lﬂlllcﬂof:eﬂ lcohfBsifel Coifipuaét P8te¥embdduichfonPasth om the Uh4lysis module

sanple; and a | ocal controller nodule in electronic
and StmehS?rdatﬁaWﬂlm@m/\ﬁh@ ﬁamhlengimgéids amph)ys e amicrodipdysis-based sample
ontrﬁbler C f r.ecei ve

extraaté l}anﬂe e Smp 88’|[' 2 aéchramgatb assgérgg{f g-}is paragraph is

conf@ﬁh@ﬂ € éktiahﬁalﬁﬁfﬂi’ititﬁgﬂﬁiactlﬁfg s8ipleand tétheasure glucose in the ISF sample
ultrafiltration-based sanple extraction technique.

and wilpaein &mam@ngmmm fgftherriacladesmesns fqrm@gaty;@ﬁé? rglugese lag. The

this onf.igured to..extract
mearls 1 o B2 LR e PR PR PSR4 §56m30 s pggrap gmpoys
lag ndifigdtii@ chéricaid Mefme A8 Qor\/iﬁﬁifgﬁﬂl lS'F%l\S@B@l Eﬁﬂ tiD£Blethentioned system
further includes neans for @]?atl ng gl ucose | ag.

in thiy paragraph aeipfays uhfaﬁo'gaitpn@ltlggﬁl glueese la& gllesf means for mitigating ISF
gluco%g ?arge({ﬁﬁ] Afgre%%nﬁx%tdesm kefd ih qug par. %,[;r% B%‘ﬁlo%”%%ﬁ%é nfif] igate ISF glucose

lag. The means for mitigating ISF glucose lag of the aforementioned system in this paragraph

QJ_

employs vacuum to mitigate ISF glucose lag. The means for mitigating ISF glucose lag of the

aforementioned system in this paragraph employs an electropotential to mitigate ISF glucose lag.

52



| SF glucose lag mtigating chemcal. The nmeans for
mtigating | SF glucose |ag of the aforenentioned

W@ ymtaaorn t hi s paragraph enpl oys ul trasound tBCT/US2004/018144
mtigate | SF glucose lag. The neans for mtigating
| SF gl ucgse, |1 ag _of the afor ntioned systemin. this

e .
The meapsfor gptieating Lol glucpredes phibgi qraa%fglqns‘issgﬁt% Y ig pagagraph
cmplo BRSPS Wk AR sl i s o
mitigdtingIBF ighebdse 1hSbf the ufwrsmentivged System irethissparagraph dmpjays ag

| SF gl ucose | ag of the aforepentioned systemin this
combipafianpiAl Reashiponfe 1ag miigating chgBICcRIn i tEsoYnd, heati pavem, a5
ctoor B ERER oA Qo s Omiclstogiant i
enpl oys nechani cal mani pul ati on of the body to

nmtigate | SF gl ucose, | a%qéThe nmeans_for mtigating | SF )
[00193] ycosé Patgmoior erigacking pdwdily flsisample anddpenitpringag analyte therein,

. | i nati eneof. .

the syfBEAGRARLIET A6 QAR AR, Fack AR mbfl B Fracting o
bodilefledisampletfesih hdody;and anrakigsis apduledos pedsating an afalythén the bodily

. bod¥ to, mitigate | SF glucose |ag. [00196] .A system,
fluid sample;and gdegah gmﬁr%léamogukm plectsoiie cammupaicatien vish theglisppsable
analut : P o AT ) .

02136 o150 SLAOMBEL S o S pRE bl s o
and s@re the dhtaywhérdindhs sdiiplingfmedul@ehpidys atuiltratinragioalbysddsample

nodul e for neasuring an_analyte in the bodily 53 WO .
extractipn¢chpingy7 Thewmplaponedrgefiipe aforementionas systeny jythis paragraph is

. r.ol. / .8 ect [ Op C ' Ie
conthfl SR BB PRAHLR (5 Sy BRI BERLBERL D sampie
and waeftin e s@Eplife moaele et ie afdhiRFBRhndIRdy enifisANgIBE glucose lag. The

anal ysis nodule and store the data, wherein the
meang forphitigeingd§H|gucenplagyps the afersmentipnsd gysiemyn gis paragraph employs an
xtraction .techni que..The | ing o
e A e
aforefn@nt@orletl 8fsterdin thi ﬁd'r{ﬁ%rhﬁﬂ @thlB&sU{lllﬁfa:(duﬁﬂo ﬁﬁtﬁ@ﬂt@l&!ﬁ{%uéc@e lag. The

e

measure glucose in the |SF sanple and wherein

meang forphitigetingd 8k gudoge lagef therrforgmentionsdsystemsnin this pyagraplyemploys
| SF,.ql lag.. T for.. m.tigating
heat (Y5 E TR EapdP il reds SySiietine B 40Rsh R e o

aforeRIEPMiGHAE sPstdrAGn thid pdr@g%ﬂ)mnplh?m@ahm 18 sitigRaSE flatose lag. The
mtigating | SF glucose | ag of the aforenenti oned
meang Jestitighiing ISKi sluqese kagrod phe afpgsmsptongdisysie@in dhis paragraph employs an

mtigate |SE gl e lag. e neans for. mti@ati E
ctecfpbie B % P 13500550sF B AP RS By Pl 97 080 ot e
aforeprRhBGHeadRPstERA IS phieaaph @mgl'oyé getieniceimghipansion of 8@-body to

. The means for mtigating | SF gl ucose Iaq of the .
mitigatedPE ghispsedagd Thy means fopmitigating 25T gluegss lagaithe pprementioned

vacuumto miigate | SE al ucose.lag. . The ns, .f:or.. .
systlf iRt R bl s o S P 8t dhes b ol A Rl Bfine chemica,
ultrasofill Gohd, Raduhs ap SleeG6FEAhRNAh W chhi@ afipaRioant il body to

_to mtigate | SF glucose |ag.
mitigate ISF glucose lag.

[00196] A system for extracting a bodily fluid sample and monitoring an analyte therein,
the system comprising: a disposable cartridge including: a sampling module for extracting a

bodily fluid sample from a body; and an analysis module for measuring an analyte in the bodily
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The neans for mtigating | SF glucose |ag of the

af orenenti oned systemin this paragraph enploys
wore@haeiocal mani pul ation of the body to mti gaP€r/USiH04/018144

gl ucose lag. The neans for mtigating ISF glucose | ag

fluid gamélg,erp&a ﬁ‘g agﬁnt qug gﬁétm £ t?g%llc? Iggrpgaélr ]%%{1?Igmtﬁgl% (ﬁg/posable

cartnﬁ%lée PedBtal cHhitdiRs QMﬁ%uré?ﬂ@trece‘i’@%éﬂghreﬂ{éPt data frog# th% ﬁréalysm module

éctropotential and nechani cal nani pul ation
and stooalthe tdetayrivhemgin the Sﬁﬁplgigmmm}e bmgloyﬁ O uberrhasdd symiple extiawtion

R e T T
' |
to extgéacﬁ 5% (ijr?&@tlﬁ Iugijgggpﬁaﬁl AR tg ﬁ%ggigg léilﬁ;ggéglﬁl tgﬁgﬁlﬁéﬁhigﬁgand wherein

the saqulmgenddule fuethsuinclndesamean dbnhigating ISF glachsk Yag. ﬂrhmmbans for

cal controller nodyle.in el ectron
mitigg G Isietiors e APREMEPENS d shitem 1e s Pyragreph pReloys a lag
r .
mltlgbtglt{ggéhfe ?12(%11 t ﬁhé glﬁgrﬁym [ %gﬂ% ¥ %}%&e\{% et ﬁgfog%?tgﬁwned systemm in

this patagraph empheys sittmgsbumbtomitighte I8Fphioyse lag.r Eemsans for mltlgatlng ISF
[ extractjion technique,

élucolé%lr?gwgﬂgf q%%@ﬁnegt?%fe%ﬁ;%ﬁaﬂ% HenpaTRgTaplemBloys BoAt ’f%metrgage ISF glucose
os. PR AR ipa P HrSUBAe VL 1! 6L E g parssrp

emplegsnjatenm sohitvgacs ISE’glﬂidmee Bagnmhe nganDfby neitifatinel I8F glucose lag of the
ncl.udes nmeans for mtigating | SF glucose | ag., The
aforeﬂ]gggfgleg Systemdn agq pq{@grp@:ergplgg%e £ Ej)p@fenflhleto mltlgate ISF glucose lag.

The {A5 FFGHi gﬁﬂ%‘lﬁ? ﬁlﬁ&%g of HeSas ﬁﬂﬁﬁ@x@a g%fwnq}f ?lglé_parlaglgph

mtigatin msans or mti

emplq;)l'sunmemb&lgnalﬁpltl!itmmcffahelmiyttb oridgats YSE g]limOSerlag HTlse means for
raph enpl oys ultrasound to mtigate ISFBg ucose

mltlgﬁ%fg% TIEuGoss g of the dprementionsd sysiem ip fhis paragiank employna

|
BT A O R,
electiBpditAIBR @ﬂ@:hﬁﬂ:&lﬂéﬁl magipulafibs oM@ e dy & miidateESH dhgcobShag.

gl ucose lag of the aforementioned systemin this
paragraph enploys vacuumto mitigate |ISF glucose |ag.

[0019T7$e rrea& sfte% eg(k ?& ngrllgo Fﬂ%dJ sca(ﬁic’ rgcpmgﬁlltcgrﬁg an analyte therein,

or eman one SYyS S para rap

the syBtedt torapiiant a dtﬂspds@blmchlltﬁ Gnd¢lofing) u(s@mphﬁg’iﬂlodul&'h@ extracting a
means for mtigating | SF gl ucose of the

bodilyflgikeepla B kgt & anenalypis npml aplsasusing|agypsalyte in the bodily
fluid g@ﬁu@wn%aa.llﬁgﬁ '&)Rt%l #'n%?luf%fm teﬁ?trgr? g%?réguﬁ;lctahgl%v? ﬂ%: dllsposable

means Tor mt uco se

cartnﬂ@@ tlef 1ot4 wentro1ien e onfiyséEIn rbdfbntehh&asﬂfﬁh%t aab f@ﬁpihe Yifialfsis module
conmbi nation of at |least two of a lag mtigatin

and stqye thedata, wheteimthe samplingmpduly amploys ageverse 1ontophoresis-based sample

i. pul i . . .
xRSl Ui B0 RS AR PR 1t B
conflgmted achitragt an imwimitgal ﬂhidl (SBaambR aaddo maédr@ Elud@sed the ISF sample
anal yte therein, ystem conprising: a_ di s%osabl e

and vRigreih thegqempHag mdﬁlj fuﬁh%ramluqlqs aneens franikigptingds #uqopyylag. The

mearR for mitigating ISF glucose lag of the aforementioned system in this paragraph employs a
lag mitigating chemical. The means for mitigating ISF glucose lag of the aforementioned system
in this paragraph employs ultrasound to mitigate ISF glucose lag. The means for mitigating ISF

glucose lag of the aforementioned system in this paragraph employs heat to mitigate ISF glucose
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bodily fluid sanple froma body; and an anal ysis
nmodul e for neasuring an analyte in the bodily fluid
waa0vphie79o7and a | ocal controller nodul e i n el ece€DORIM04/018144
comuni cation with the dlsposable cartridge, the
cal c troll recei ve nmeasur enen
tog. FhF Repit pilicefhe SISk it & g ARG e S 1 s paragraph
empl a@iniin &6 ﬁnﬁg”d’t@iSF’@uéﬂ%Q Hige THERhNS fcﬁfrimtlgatln%jISF glucose lag of the
ectroporation-based sanple extractionte
aforemen@m&pmtmg intids peragieph brmplefe alenleclmp@tmnialstpsnmgatc #SF glucose lag

t hi dt
The sheknd ABtn T g 95 o (RSl M i athammitio gk oeiomia s prsagienh
emplbih th8éhahiehl ﬁ@tﬂ'ﬁﬁlﬁtmlﬁéﬂh%@dﬁb%ﬁ §te§ u'cQé% i Lﬂlé:éns for mitigating

further includes neans for ‘'mtig t|n SF gl ucose | ag.
ISF glivese lagafi thef aforemientioradispgjerh Sir tigs pztragrepli agploys & h@mbmatlon of at

o B TR ASbR e RSP ST S1
meclﬁhié&l‘}ﬁﬁnhﬁgtl&f ofth@b@é}oﬁ)mgﬁtb ol u%_bfs%tlg n inthis

par agraph enpl oys ul trasound to tigate | SF gl ucose
| ag. The neans for mt|gat|ng | SF glucose | ag of the

orenenti one teml ragr.aph. enp| oys
(T ket é¥%em%ﬁ%qra%§ea 3 Hid il A PGRItoHR @!aatni%e therein,
n
o5 A 8 S
bodily guidsampdefrome bddly; gidaomalysagnafuld foe meafuringraaninklytedd the bodily

fuid SYSHIEL i loori g K BT OB P BRI L g1 b dgRoseble
cartrilgg% e 10E£1Q:0ﬁ r&ﬁ&%fﬂﬁ%ﬁm % é/e?\t/eeﬁkés? én?@n? gﬁg rfl%g{ #8Rnalysis module

| oys ani ca atlon

and start thgataéa, M&Eregdl thegsmpliggmodiie empioys ah @Iecm)ﬂsorgmn beged Shmple
l.ucose .l ag t he .af orenentioned system.in this
‘Ilfleer?gﬁ

extfag TG e esyephng Brogila of ﬂ@rﬁf%qem&pﬂwéﬂstemm thgs pagagraph is
conts 4 KGR RS Bl SR 1 B SRR, 3 s
and vtzimiqanttlm snﬁpllggmdhﬂ:fughmﬂdeddsageanS Bor\iitig XDl ]ZSWg@Jche lag. The

/ US20Q4/ gslsé 00199] A system for extracting
meaf’a o Tifeetng Prsetrmse % %#Pfe&qnﬁ@n%wyaﬁ%m ipiths Pﬁr@g@m employs a
lag Iﬂlﬁ%ttﬁxgl%ﬁglmcgp ggﬁrgp rPf:zﬁlg foﬁgﬂigﬁﬂ?%fﬁl e§1t1cr°0§§: Hg'nog glge afBreglelntloned system
in thifs Ipatagraph rpiptoys nbtrasaulibdymitigad IS ghicade)iag. ST]iBDﬁinutS ff)lollmtlgatlng ISF

suring an analyte in the bodily fluid sanp
glucoge ?%%ﬁt cHRrsrAntighed tyaigen; this ppiagtap smplays #ﬁ%}rw aatls%qa ISF glucose

lag. Yhi eﬁﬁkefoghﬁﬁgﬁﬁgllﬁ fiR5de A S he bite Hpgrﬁﬁlrngc‘rfn %Lﬁ!ﬁ? i s paragraph

con gured tore e|v measur enent

emplapsavacaum tobdtigate 1lagn T'hs nteags fon andgittﬁlg I8Hetiwbse lapef the
sampl i ng nodul e enpl oys. an ul trasound- based sanpl e
aforegentigRad sypfem; 1 dhi iPef@grapfr REPLOYRAR Flegtrornicntial tormitigate lag. The means

o BAEISE RS 1) O Ry RS FRGERepFP

mechmaaxalnmemghlatlo:s ef tha bbaptol ibftiga@TPF ghrost laheTht meatidfer mitigating ISF
dule further includes neans for mtigating
glucqsggap ﬂ}g%g rqr%edltlo SYSteEHid thigparagraph employs a combination of at least

two of a lag mitigating chemical, ultrasound, heat, vacuum, an electropotential, and mechanical

manipulation of the body to mitigate ISF glucose lag.
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mtigating | SF glucose | ag of the aforenentioned
systemin this paragraph enploys a lag mtigating

web@ailemlr? The means for mtigating | SF gl ucoseCT/ag82004/018144
the aforenenti oned systemin this par agraph enpl oys

[0019#“ Ir SZ% nd ! ofgrpeé{rg.gl S Itpgﬁg | UC %glp G The. qr;}g%g% anglyte therein,
the sy%hé%{ &fﬁl}bﬁklﬁg‘” §d1§}§b’s§t9§ 2R RhQY§inp e@*saﬂqlﬂ Srg thb&at €or! e§Fractmg a

glucose lag. The means for mtigating gl ucose | ag
bodily fluidrempleofremerboidp;rad apyselysis modute for paasiging ph analyte in the bodily

T R TOE TM ATIE
cartrid¥s HRMokdl chitrdllcP %Iﬁﬁgﬁ?&f'{o @%ﬁ%ea@ﬁreﬁleﬁ?@ﬂ@ BOhoMmE 'aﬁ‘él?;sm module

to mtigate I SF glucose lag. The nmeans for mtigati
and stogf-thgldatap whetleanthe famplengahodideremploys enl ukpseuadbased skample extraction

e LRI, T RN O e B
to extradt afl 698l |fﬁlﬂi (S‘iéF)t s}&ﬁlgﬁ% M EEHHab QR %ﬂlcéyéﬁﬁﬂé i9F ol e and wherein

par agr aph enpl oy Ination of Tat least two o
the sdnag)ingirhodydt ﬁm@emhelnﬂe:saheanslfblr miigatiog ISieglucose dapu Uihe masans for

ec oten d nechani cal i pul ati on of
mltlgﬂ%‘%ﬁ/fs% toé 1}%&%@%@@@ sg@tem[lggg@mragag EWEJ:WF alag
mltlgﬂf)%% %‘?ﬁfﬂ‘% nglr?cl: g?%%%?mgﬁ‘%aﬁng?ﬁ gl)(\gélére;ﬂriéj ee Iﬁfnog?ﬁ%fltlohgg system in

this paragﬁaphleytqﬂ@s nitchsbend ormitigats USF glucase lag1aleet means fohmltlgatmg ISF

gluwé? gaéltqf 6‘£ﬁ| %5%8}%3%6@&&33% I&tﬂlg ggﬁ@%@ ?é&ygg{% to mlt?gate ISF glucose
g, 280 405 pldRGhPRR SRS A Sk FORMAGNEREA LR Barureos

empldyrevadaim to idiitgaed ISFtahecoas gy Jihs nisadsifoe mmg:itmgdSF@lucose lag of the
anal yte sensqr configured to be at |east partja )f
aforem%vw(aﬁustﬁrﬁ ip Hhds B?g%grapmreplaﬁwry%léctmge@iﬂaldp n@lﬂgate SF glucose lag.

The Iﬁ 41 %ﬁﬂftf 9{115%"[ ﬁc%gé 1a nfﬂf%v% ef?tgﬁﬁg ﬁﬂ@a gna@;}g :tl?g paragraph

UCOSE a nsor

emplﬁyxiuécﬁlaﬁluﬁltlhﬁrlpulﬁtﬁdmﬁf&lie badNs ohicipatslISF glatosedag | Tieoseans for
| ag. _The neans for mtig atlne%ISF Iucoselag of the
mltlga%& Beglucas bag of e afprementioned systemgp As paragiaph pwplays a

comtBRRBE Pl 141 A5 EEAA Eling hobltef WARRAE blpy vocpum, am

electivpbleatidlnadanedhyhiealspnipulaticn @tthe Bed1 topailipatall$y glucose lag.
inmplanted in the wuser. [00201] It should be
understood that various alternatives to the
odi t efcei
[002&?:!2I oy 2%@%52&% Ef(ércrpgmtorﬂ\é hﬁﬂbegﬁ? hﬁ’}e ﬁ%lﬁ of! lﬂfﬁ?%/ee §tem

comprisiig: tahdisposale eartrivge @ﬂlcﬂmdiﬁg d@ﬁﬂdﬁﬁili Ihﬁdtﬂé efrenékuitifean analyte in the
i nvention and that methods and structures within the

bodily dhuihsagmple;ipad @ legah popfrodissmopilein elgerenis epmpmupicaiion with the
dlsp&sglﬁ[a %Qrled&,?the local controller configured to receive measurement data from the

analysis module and store the data, wherein the analysis module includes an analyte sensor
configured to be at least partially implanted in the user. The analyte sensor of the
aforementioned system in this paragraph is an ISF glucose analyte sensor and wherein the
analysis module further includes means for mitigating glucose lag. The means for mitigating ISF

glucose lag of the aforementioned system in this paragraph is at least one pressure ring adapted
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CLAIMED | S: 1. A systemfor extracting an Interstitia
wo-kaisdoOrSF) sanpl e and nonitoring an anal yt eP€TTES 041018144

the system conprising: a cartridge including: a

o RS P S 08 B B i

user. Measuring an analyte in the | SF sanple; and a | ocal
controller nodule in electronic communication with the
cartridge, the Ilocal controller configured to receive

asur nt..data.fromthe anal ysis nodul e an t or
roo20f 2" g8 Bacrs B B AR ST to FrerithoBhefis of he
inventiGPEdsciINR RS By Dechlploydd aPpR6tiiAE (RARYSHIBH. [tAE RSsIded that the
to the body in the vicinity of the target site, and )
followihg cleinms defime slangwiopeof tho davieationsarsbhit myetheds andcstructuegs within the
t ressure ring i s gapapl e of ing the pressure
SCOPeiOE%}fge g‘@'&‘?ﬁ E}I‘élttb?fge Wﬁ%‘ﬁs gﬁw%‘?"&ﬁgﬁ tg%g*%F gl ucose | ag of
the I SF sanple extracted by the sanpling nodule is
mtigated. 2. The systemof claim1l, wherein the
pressure ring is configured to apply pressure for
approxi mately 85 seconds of an approximately 15 mnute
sanmpling cycle. 3. The systemof claim1l, wherein the
sanpling nodule further includes a depth penetration
control elenment. 4. The systemof claim3, wherein the
depth penetration control elenment is integrated with
at | east one pressure ring of the sanpling nodule. 5.
The system of claim 1, wherein the sanpling nodul e
i ncludes a penetration nenber and the penetration
menber is noveabl e i ndependently of the at |east one
pressure ring. 58 WD 2004/107977 PCT/ US2004/ 018144
6. The systemof claim 1, wherein the sanpling nodul e
i ncludes a penetration nenber and the penetration
menber is fixed with respect to at | east one pressure
ring of the sanpling nodule.
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7. The systemof claim1l, wherein the sanpling nodul e
enploys a lag mtigating chemcal to further mtigate
wo b@4h®P77yl ucose | ag. 8. The system of cl ai m 1PCTHIS2004/018144
the lag mtigating chemcal is a histamne chemcal.
crAfMs The systemof claim 1, wherein the sanpling nodule
enpl oys ultrasound to further mtigate the | SF
glucose lag. 10. The systemof claim1, wherein the

sanpling nodul e enpl oys heat to further mtigate the
WHA}ngngﬁgMEPISag. 11. The systemof claim1, wherein

t he sanpling nodul e enpl oys vacuumto further

mtigate the | SF glucose lag. 12. The systemof claim

1,1. wher&kystdrh orex tradti &n'mt@tskiﬁamﬁidc(l’ﬁ)%ﬁmple and monitoring an
el ectropotential to turther mtigate the I SF gl ucose

analyfeghereing theMystemneompmsis: cl ai m 1, wherein the sanpling

nodul e enpl.qys. npn-oscillatory mechani cal
mani pul % Blﬁg%wcﬁﬁ@goody to further nitigate the ISF

gl ucose | ag.a athpling module for extracting an ISF sample from a target site of a
body; and
an analysis module for measuring an analyte in the ISF sample; and

' a local controller module in electronic communication with the cartridge, the
local controller configured to receive measurement data from the analysis module and store the
data,

wherein the sampling module includes at least one pressure ring adapted for applying
pressure to the body in the vicinity of the target site, and

wherein the sampling module is configured such that the pressure ring is capable of
applying the pressure in an oscillating manner whereby an ISF glucose lag of the ISF sample

extracted by the sampling module is mitigated.

2. The system of claim 1, wherein the pressure ring is configured to apply pressure

for approximately 85 seconds of an approximately 15 minute sampling cycle.

3. The system of claim 1, wherein the sampling module further includes a depth

penetration control element.

4. The system of claim 3, wherein the depth penetration control element is

integrated with at least one pressure ring of the sampling module.

5. The system of claim 1, wherein the sampling module includes a penetration

member and the penetration member is moveable independently of the at least one pressure ring.
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6. The system of claim 1, wherein the sampling module includes a penetration
member and the penetration member is fixed with respect to at least one pressure ring of the

sampling module.

7. The system of claim 1, wherein the sampling module employs a lag mitigating

chemical to further mitigate the ISF glucose lag.

8. The system of claim 1, wherein the lag mitigating chemical is a histamine -
chemical.
9.  The system of claim 1, wherein the sampling module employs ultrasound to

further mitigate the ISF glucose lag.

10.  The system of claim 1, wherein the sampling module employs heat to further

mitigate the ISF glucose lag.

11.  The system of claim 1, wherein the sampling module employs vacuum to further

mitigate the ISF glucose lag.

12.  The system of claim 1, wherein the sampling module employs an electropotential

to further mitigate the ISF glucose lag.

13.  The system of claim 1, wherein the sampling module employs non-oscillatory

mechanical manipulation of the body to further mitigate the ISF glucose lag.
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