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BODI LY FLU D AND MONI TORI NG AN ANALYTE THEREI N
D OF INVENTION 1. Field of the Inven&igp
[0001] The present invention relates, in genefall USge4/018144
medi cal devices and their associated nethods and, in
articular, to devices, systens and nethods for
SYEW‘FaE?‘i RETHGAENG BOPTY FAREP ABATCNEFIRIGC AN ANALSFReTHEREIN
therein. 2. Description of the Related Art [0002] In
recent years, efforts in nedical devices for nonitoring
anal ytes (e.g., glucose) in bodily fluids (e.g., blood
and interstitial fluid) have been directed toward
devel opi ng devices and nethods wi th reduced user

di sconfort, and/ BACKGROUNBOEINVENTEON: or i ng met hods
and devel opi ng devi ces and nethods that all ow
conti nuous or seni-continuous nonitoring.

1. Figldoflthd Invaiitionn of noni t ori ng net hods enabl es users 'to
sel f-moni tor such anal ytes at hone or in other
[0001)5c at i oFhe prpseRbivention rﬂétea, ingereal} tomedicad devices and their associated
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momfaih;gqﬂsmﬂ |mgﬂ for horre use in order to encourage

frequent and regul ar use. It is thought that if a bl ood
gl ucose nonitoring device and associated nmethod are
Z.Dé t,|v '{éle , users will nmonitor their bl ood
frequently and regularly than

[000Z)t her Wi Ffrecdn® Yéhdd, etiBrté BEmERPIRLicA fophfbﬂﬂot%%ﬁﬂfﬁes (n & , glucose)

noni tori ng, conti nuous or seni-continuous
in bodidy/ fhaids (esgyoblned manteaatmmﬂmﬂphagmas directédatvaiddtyeloping devices
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gﬁcemc control. I'n practice, however, continuous
SimphEedtionef manitoxingsmathoids mrabhag uskay tcsedf-monitd 3uch aifabudrast kéme or in

For ..exa racti o interstitial
°‘h°ff’?°&P8“S( “‘gﬁ#ﬁh’e‘%f}l‘e aart*arfg%%mgﬁlge l@d'gchonan @ ap¢yes discomfort

and/o? phif mﬁ;oh%h in! | e
over t | rre Furt her mre&%%rndsev%aaﬁ%ﬁl urs ?gﬂl ﬁggﬁymm
cmumﬁrmcnmd ﬂ-‘gnkumsaclt isothpught tieat if asblogabglocae Mdaditoring device and
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frequetififdnd @ﬂ&ﬁmb@aqggg 018144 [ 0004] Stl Il needed in

the field, therefore, is a device and associ ated net hod
for the m)mtorlng of an analyte (e.g., glucose) in a

00O 1 S5 5E155 e oS Sy ofbamons
monitéFiRE deviiss dnd thethdBlaRSadvaiafati® Sl thef Plovide 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.



conti nuous nonitoring w thout unduly increasing a
user's pain or creating persistent blem shes. SUMVARY
| ON [ 0005] Systens for the extractio
bodi Iy fluid sanmple and nonitoring of an anal ?FSFUS%M‘W”““
therein according to enbodi nents of the present
i nvent i on are si rrpl e to enploy, create relatively
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monitortlyl of annGAIgREEY gnncufessn £y T4 (LR a4 1979 o IdipRb employ,

_ bl em shes dition, |ISF extratlon i ce
creatas;@&mrp dltﬂfbdlmfert RBHOE paif in hesayy aardefmhtatesenhmmwbﬁsemn-

t l.ativ [ it ain and/or, disconfort in a
cont§hGR iotiforil Wil unchlylereiihse awg’/smmemmamwm blemishes.

monitoring wthout unduly increasing a user's pain or

creating persistent blem shes. Moreover, nethods

according to the pSUMMARYWOIMINVENEON i tate

conti nuous or sem-conti nuous nmoni toring w thout

unduly increasing a user's pain or creating persistent
[0005) em s

i s meris 10 efheiioh OF bOdin i 3hbidHof st orike of an analyte
theremonslmg}o embediments i preﬁ:ﬁbﬁﬂbiitﬁﬁi ar@ Elﬁﬂé@ nﬁlﬂ@f \lcreate relatively

i sposab

“ﬂlnven .includes a cartridge (e.g a
ittle patn an rtgn |a<9§%ﬂ m@oﬁﬂl lo eqritigions and wmec@amupusigemtonng
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extrachical @amms acvorbihget O&ﬁ&mﬂﬁﬂeﬁtﬁomaﬁtb@@t HMiveRfioh A6 cleBteTelatively little
I co i.n the bodily fluid sanple. In addition, the

pain H&f%}q 3e'|‘s° gilifate continneRs andisEmi-continuol S MONtoring

re%%ﬂ ore asul?rrebrﬁe;TDgg)g% éb%""&fgdﬁioﬂ'%?ﬁ“ methods

accordingrta ke fresent intention Ehcibitate dvadbldRs of %ﬁ?&nﬁﬁﬁlﬁﬂmﬂatoﬂﬁg without
Endul e.of systenms according to enbodi nents of the

GEAANG 3 WFE HPAIB QT creAtiRg PIreigient Blemishesudes a
penetration nenber configured for penetrating a target
site of a user's skin layer and, subsequently,
[0006]esi di nysystent fue extiating aVelidy I thédfohin Qnaﬁal}:%'ilmm
sampl e therefrom Alternatively, the sanpling nDdu e
mféa\s tQ AR PPy eabodinest of the proseat/inyention incindes b gedtrigge (c.g., a

d/
i e T T —.
adaptedto exavapl £hodily P dsaniple @ Sirl BFRhmple) 50 a Bodnd an analysis

004/ 107977 PCT/ US2004/ 018144 [ 0008] The sanpl i ng
afapted e Bsagise amanalyts (g g;cglu@n;g) ratthq: bodily ﬂm@ sgmples il;n a;ddmon the

local %ﬂﬂ)lﬁp ﬁ:%g@ is E%eeﬁgg{c@ﬂﬁh&lﬁ%ﬁgﬁl gﬁthgﬁ? ige uﬁ]g rc?ﬁg e and is

l'ayer int Icinity o

adaptpé heteceive aml sImE esasuremesdach (8 laft:nh’eﬁt sifal) fford e unalysis module.
layer. In addition, if desire the sanpli'ng nodul é

can be configured such t hat the pressure ring(s) is

apabl I ski ayer
(000 P2 Rk Bfta BB LF SR Aot 1o Eabhuinepll ¥ Bhem
inventioe chiSéptiomaily includes 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. Aliernatively, the sampling module can employ microdialysis, ultrafiltration

laser, reverse iontophoresis, electroporation and/or ultrasound techniques to extract a sample

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




extracted by the penetration nenber is mtigated. [000]

In addition to, or as an alternative to, a pressure
WO @4/s0r03hat is capabl e of applying pressure |

oscil | ati ng manner, other |SF glucose lag nmit i"&if‘fsﬁﬁ”’mm
techni ques can be enployed in enbodinents of the

present invention. Such 1SF glucose |lag mtigating

OO o o e 4 g Bdule ol Bofiy BBlue Wbt 1 prespgving pdapted

for améﬂblgmmhe towtha mr?ﬁmhmmmm% eﬂt:he W@ét%lﬁé il
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moddlE CEERS ' . Yol s QOof 1he
present | nvention si ﬁﬂ%@gf%g%ﬂﬁ@? Cfnxﬁaﬁgpaoﬁapp@mg%wmamme
user’p slin dayeein dnngcillatingopaiiit Sheioby ah IS Slubdse 1ag6f the IS1Cfample
according to the present invention, continuous and
emsfeﬁgy%@mmmﬂnmn@ms facilitated while
simultaneously mnimzing a user's pain and the
creation of persistent blem shes. [0011} A systemfor

{000%j0ni t OrTnagdition &3)ok ¥é £h 4lfewsdiive So, 4/ pAGSHE ring(y) thSF%s%pﬁale of applying

user accqording to an enbodi nent "'of the preésen
pressuf; iB A essillatingmanasr, gthen ISK gluepse dagimitighttnglechmiguesaah be employed
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is configured to receive and store nmeasurenent data
manipylalien, Necuarh elpstrepotential and dombimitions thereof lemitipate/iSFslucose lag.

nodul e i ncludes an anal yte sensor (e.g., a glucose

sensor) configured to be at |east partially inplanted
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l r]i_ng adapt ed for %ﬁﬁewﬁﬁ%&ureﬁpﬁé?ﬁ?ﬁ%@%ﬁ to

embogireents of the pres¢nt énveRtion simplrtoemplde Ianddivion,svikmcupressuse ring is
fiqured such that the pressure ring i.s capable of .

operaigifin ol 5 lyeEieSHartndf cortind RS BiePanh gt GmiGHS ALAFm-

tidibuk fonftbHAP R TadiBGtcd Swille! dnB @k gﬂxaim'mg' Fsalnd 4
on fluid (ISF)” ext rlg%%didxﬂngeé\l/ligce ag‘és{cl)f Ing to %H‘g& 4akd the
creationiob permisient bjémishes. present invention includes a

penetration nenber (e.g., a thin-walled needle with a.
bore) 3 WO 2004/107977 PCT/ US2004/018144 configured for
001RNCL 1 A siemittc: Hidiforifi b ¥yt (HRF s DuBdeinl BYUf a3k according to
subsequently, residing in a "~ user's 'n {ayer an
an emhodireent iofithe gresk BHnwantiph indides efcaxtridge Tind allGfal exitrallet imodule in

o

clectipf SBasEHpRRHion ROyiPS Carfidgre Lie GHrELIeh fieioden 38 pnalisit module for
 meashfbhg theRRAIYIASd Bieq88d! bhnthdlleh BRAMBSE th RRfvel ad klde

vicinity of the target site while the penetration
measpzemsat data fromgbelanadysisodide. ubadditionkibe ahalysis modtle ih@hdes an

analy¥ ERAT 800 Ehibhisen S poERiER 50 bhal prst Batipky epIated in 4 targe ste
of thedgiset hAdPdtiIéH SR PGS R Sidiptad fdr%F?lgtﬁliggﬁ%&eliﬂ _ S'cihhf of the

| SF sanpl e extracted by the pene nmenber |
targetsite; & more, 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)




[0013] Since the penetration nenber of |SF extraction
devi ces according to enbodinents of the present

WwWoedid797y can reside in a user's skin layer dyr.
extraction of an |SF sanple, the ISF extract?ghﬁgﬂm““w”“

devi%gs are sinple to enploy, In addition, since the

configuzed Ior,pepeirting 4 target; site of 3 v wrskin lnxer 2nd, subssiqyentlyeresiding in a
user’s Sift g0 bl i SEASP Shmptf M PUR TS StfRcfion dovion lse

includesent leastime presside ring (&g.?ﬁgédﬁbn@éntﬁ@ll?iaﬁhﬁggd préds&e adapted for
Application of pressure in an oscillating rmanner by the
applyingarsssiee to thegrsen’s slin layexin thepicinity o6 thel takget Siteovhitecthe penetration

mennir 3 ol e ot 58 v FsciSF GetraionigiioR i Sonbgured Buch that the
prssif sRigE) i cabebit oTAgpIYib Tl PSS T Bl S0 Thtpo ap IS
glucoss lag 06 tliedSF dample extractéx by the penetmtion membebismitigaddat

| east one pressure ring. Next, a user's skin layer is
contacted by the pressure ring and penetrated by the
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romthe user”s skin ayer via the penetration
embodimeénts ofith¢ piesent nvestsarr aantresiddin aiser's skis kdyer dwajigy exitractivh of an
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bei ng.
Sem%ﬁlggaggﬁcm&’ ghigose 1agehihp 1315 sample exteactaddy the penciatiemmepber
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BRIEF 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:



nodul e according to an exenpl ary enbodi nent the present
invention; [0011) FIG 4 is a sinplified bl ock diagram
wo 208dh0963! ysi s nodul e, local controller m)d%
renote controller nodule according to an exe ?5@9004’018“4
enmbodi nent of the present invention; [0020] FIG 5 is
{001¢) Zi lrrpllﬂﬁ é@Bd&_‘ﬁlmpkﬁdd blgck diagf alnade‘pmtng' nb edsgm fot ?ﬂrarc]:tingabodily
.nmodul e accordi.ng to . an exenpl ary enbodi nent of the
fluid SHmRls 204 FORIORRE AR analylo reh ts-opling o Anespmplsrs pebediment of the
prese¥it Rivestfons di sposabl e cartridge and |ocal controller
nodul e according to an exenpl ary enbodi nent of the

(00273 esentFIGn® ésd ﬁmpli?{ad)ﬁ&@ig_aﬁd: &iagxglm of aa ISB?ngﬁpling %mldule aflccording to
er spectjve view of the. disposable cartridge and | oca
an exerplany ¢ badimentf dhespresantsinventiqnosing applics fomm wser's skin layer, with the
' ' . ' anot her
dashRIAPbickfng'y bl Sy heich R B0l ab B PG 1% flw o

whendissqeisteowith eletieni 28) therdpplitatioalof pRR&ure) | er modul e

attached to an armof a user; [0024] FIG 9 is a
[0018); | | HIGe3 israsgmpliied bloplliagtageofianainalysis sodulet ansldo¢ad wontroller

i ce. i ’ mbodi f th
woddiE B 3 P iptahy S L b BYEHERE Lot v vi ew
[0019)f a PEIGI Mg aoﬁmgﬁﬁwmbaeajagﬂnﬁ@ancaﬁaﬁﬁﬁ Rdduld) 1dcal dimtroller

anot her exenpl ary enbodi nent of the pfesent 1nvention;
modyigamipmptecontroli¢ranedudd amebidingtg apresemplooumtmdimest af¢he present
me%gw of the extraction device of FIG 10; [0027] FIG
s a graph showi ng perfusion as a function of tine
0026)0r a2 RS!S RUNIMGHA ' glfaﬁfﬁo | | i
[ 6I::|I G 9 [0028] Hp Shlglg?%ag atfof¥te %ﬁa@ﬁ?ﬁ%&?@i@%‘?ﬁd@w
an exgmplaryryebasiment of the presenpinvertiom; according to one

xenpl mbodi nent of the esent Jinventjon; WO
t002155 00", 3964 3ckop BRBpasiive 1ot 4 eyl Iuirides g logal controller
oduld 202bidingAd a6 e RERpRACIhB et YA : ttion of an
" extract igglﬁ gevige agi(l:ordi ﬁlgogﬂ%eﬁrt g?&gﬁgg%’nent of
[0022)he pr 436nT isiarhotioni praspeLBaSdew ek Gheldisposatde tartridge aud doxal

ot I se concentration versus time depicting
con ﬂé‘b@g‘l‘%ﬁgﬁ&i gs determined fromfinger capillary
| ood, .
lmd[l FISD$ i ﬁm&gg?ggstéﬁa&okéﬁ%téme‘?%x%%g g

1031] FIG 1 regressions superl
embodimedit of the pirsentrin@mitidn witithe disposable cariridge and local controller module

attached to an arm of a user;

[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 1s 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 deviée 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;



control |ISF glucose versus finger capillary blood
gl ucose and test | SF glucose versus finger capillary
weol 8Fhe9s79cose, respectively; [0032] FIG 17 i t
of percentage bias versus relative tinme for bgF?/"?%@f’"m“
| SF and control |SF glucose neasurenents; [0033] FIG

[002918 i s HIG: d¢isassimplified yress-septiced side viwdias a1t 60in é¥tiabtion
.for bias corrected  test |SF glucose versus finger
dovicg 30or¢ing p Tatlist gkof e BresUD PTG, 19A and 198
re ernRfg, URIMRG r i I for control .l SF.
. gnd t erg? 1?&? res pgg:é% Py"g P?}.gﬁéﬁggﬂﬁg'%fqﬁws time depicting

ncoBEprofiles @etesmih8d frén 1425 Dok Pddndl
¢ 0035] A system 10 fogr%ggtmrggti ng a bodﬁﬁy%bésgﬂgg%%fgg

Samples; 9., an | SF sanple) and nonitoring an analyte (for
toasf] 000 FIRTION SRE168 U FirERipS o mroned e ke B Grids for
contr6li ISP @RRBéecvcoss Fng SR pilAry IB6P PRBSE Afld Vst ﬁ;p“%l{l&%e Jersliefinger

_box), a_ local controlleéer nodule 14, and a Tenote
capillgryriloas] glagosessespectively; as illustrated in FIG 1. [00361

1003237 o K6 s I pereeriage bist vori rE RV G A9 o fest ISF and
contr&IA8P lefich@Blsrenitfltst SE sanpl e) froma body (B, for

exanple a user's skin layer) and an anal ysis nodul e 20
[003X or (rjre:i%rl&ig aacgreasid:?mpcr@hpmsgd og Ialtﬁlame)iriog (irhﬂl obbids totrected
id Sa i ng nmgu 18 and anal ysis nodul e 20 can
m%ﬁ*%ﬁ*@ﬁ@gg@mﬂw dpodigiucoseiapdi s nodul es  known to
0034] hose ol anl . Rﬁ@@‘cﬂ )
e Sanpl i %Géﬁggbagh?gbgﬁ%%réﬁ/% S L}}I8 gsug@rfngﬁ aéébg%%%r%(ss F and
test ISK, eespedtivelyonf i gured to be di sposabl e since they are
conmponents of disposable cartridge 12. However, it
shoul d al so be noted that enbodi nents of systens
according to the present invention can alternatively
enploy a cartridge that is not disposable (i.e.,
sinply a "cartridge" as opposed to a "di sposable
cartridge"). [00371 Sanpling nodule 18 can enpl oy any
suitable technique to extract the bodily fluid sanple
including, but not Iimted to, a penetration nmenber
(e.g., a needle), the mcrodialysis, altrafiltration,
| aser, reverse iontophoresis, electroporation, and
ul trasound techni ques descri bed bel ow and conbi nati ons
thereof. [0038] Two techniques for extracting a bodily
fluid sanple (e.g., ISF) that can be used by sanpling
nodul es of enbodi nents of the present invention
(i ncluding sanpling nodule 18) are mcrodialysis and
ultrafiltration. Mcrodialysis and ultrafiltration
techni ques can, for exanple,




enpl oy a tubul ar-shaped sem - perneabl e nmenbrane havi ng
a first end, a second end and pores that allow | ow

wiPlogpitheyy wei ght chemical conpounds (e.g.,
di ffuse through, or otherw se mgrate across%?ﬁ@m‘“‘als““

sem - perneabl e menbrane. However, the pore size and/or
geonetry | PEFAHAERDESCRIFHON ORTHEINVENTION| ar
wei ght chem cal conpounds (such as proteins) from

di f f usi ng through or mgrating across the

0035Jermi - peA Bidih 20 T ERiad:
T LBao0h A arean, g ooty SARAHIOE]e. an ISF sampie) and
mommraanealm(&neaamplengmm) thesein aocerdig tolanexémplatyembodiment of

meppeg?tyacrﬁé | I e:fi cu rﬁ‘%han %@%ﬁégsecel lul ose bad box)
thesas , A
local £6iiroll2¢ fridRiie 13, mﬁmﬁ? EhtrollEY mHATRE S %%Bg{?%ﬁt[uﬁ gﬁ%] .0

t he subcut aneous ski ayer of a users
In mcrodial yS| S, a perfusion solution is punped into

heflrst u t t he perfu3|on solution fl ows
[Mhr ougﬂn Héﬁ‘g 9!3@“!%| Adnclyges asampling moduled 8| for

xS LA 84 S (RSP RO 0O o Bl  wors

skin loper)rembincanatysis nmhleem for nicasuringah aailoR (sal gmbwa) inlthe bodily fluid.
erfusj on solutlon flows to the second
m@@ﬂﬂ@“&# (Joakysis megulerd Gaa be guy suitable sam@ﬂxeg ambanalysns modules

o Wk e SRR 8 B APt

modulé 20 of systemal( ave bom mﬁgxm& &) be dispiisdble Since thHe§ @Rt dovifpohents of
pressure is_applied to both the first end and second
d-spoa!ﬁe catrider dd Hewierss, itshoudd plso be notedthat embpdigeatseofisystems

sccorling b B e hPaion T AR AR £ pllERUE TR i honRiie

(ie. mmwaToamxdgé”rafapbweat@a(‘ﬁgp)sablb r’ filtrate) can
then be transferred to anal yzed by, analysis
nodul e 20. [0042] If deS|red t he tubul ar - shaped

(00371 oT - P Seftipfl Pl YA of W@Xfﬁﬁ%ﬁmw 8 bt bodily flid
samplicihelvding 'tay aﬁﬂﬂﬂﬂedﬂo(}ii petictration me el tartiﬁaﬂie) {66 infRodialysis,
s 5,002, 054 706 806 and

re.in U S Patents
“’ﬂ@ f m@ﬁ@ﬁmﬁomreém ¢lgctraperasiey, and|ulyasonnd tasbriguesclescribed
below’ %ﬁﬁﬁﬁﬁ AQ43] Anot her technique for extracting
© é‘d n%u%e enpl oyed by sanpling nodule 18 is a
Iaser The use of a |aser provides many advant ages,

ncluding the ability to create a small puncture or
[Woc al | 2%P @F‘H!iﬁl‘éﬁﬁ f%‘fextt‘l*}%t"%ﬂé bpdily Slidbsample Eﬂﬂ}t ISE) that gan be used by

sampfEEE8ne; of AISRELATLL LB R fenpA Bt Geisd spB T nfuie 19) are

microdialysis a:ldaﬂtraﬁltrﬂliom mmmagme andultrafitBtoh keheiqiesdad, foPExample,

i s caused to_be expressed. Because the depth of
employ a tubular-shaped semi-permeable 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.




abl ation can be tightly controlled with a |aser, the
process of extracting |ISF can in theory be painless

whes eyt hat the ISF is sufficiently free of ﬁglfg&g@éms‘“

The power | evel, wavel ength range, optics, a
frequency of the |aser may be adapted so as to increase
[0038),c ef f PRitabla-semifpermesble membrane matedialsantlads, but g aptimited to,

S .0 Laser in | ectin SF._can be_ faqund in .
polybsHfottfieyupfophh SEapndraid e iklonss Solyspinatrahcpaly ubfone. During use,
the tBbul&Terhi-Permdtadble theathbiahd b G :

97/ 07734, which are her%ﬂ?}?ﬁéﬂ%é’ [ !:%Fb&l\)@tgtﬁe‘%)s%bfumwmsm
layeroffayses’eodyer ei n. [ 0044] By using reverse iontophoresis

techni que, an iontophoresed | SF sanple nay be
extracted by enploying sanpling nodule 18. This

[0640FCNNi (e @bdtigRysi a %Pﬁﬁmg‘g@g%uﬁsn kﬁfuet@sbgl infd tHE AR e AF LR That the

a_ user's skin | ayer app ectric
perﬁpmn@n}ﬂnan mws@mu?nm imsddet hdphmp:bhigfwhbzl&wgﬁum( maflnﬁolecular weight
ex e air of iontqgphoretjc electrodes ich are i
m“%}ﬁ‘i%l’%“?‘ﬁ Q‘&”ﬁ?ﬂ&‘&ﬁ%ﬁeg &ﬂb'éﬁvﬁ fl trgugihergmigrated acspssdhe semi-
rmelB1E plefibSdnel -1 . .
permi 18 meORine ek (R o Sl o T AR ool oo the second
end. (e pegusion séletiommsnl the darbeis wmall nidleculavaveiple ¢héfi¢gBcompounds can

Jypically, the polarity of the applied current will be
“‘WMAB(P&Q byp apalysig @edele 20ncr ease the flux of
the i ontophoresed | SF sanpl e across the user's skin

| ayer. The application of current causes the

[0041]ont opHandisafiltritin, & aclitively BwiR.e S XpaG6EY pies@it i ipplied to both the
user's skin layer, because of electrro-osnotic forces.

first o and segond sudfausing bodilyiud (g oISF tip srigmie by filteation @icross the

. j [ ophoresed 1SF..S | e
semilgErffable iibiale S8 156 torkal me By B 538 and o uf g e
resultingiubirafiltfate (¢)/ISF ditiafiltrate) dan tie@tcdfank el 0, 486 aﬁﬁlﬁgd by, analysis

reyerse iontophoresis can be found'in U S Pat ent "S5
mﬁd?%@s,ml and 6,272,364, which are hereby fully

i ncorporated by reference herein. [0045] Yet another

techni que for extracting |ISF which my be enpl oyed with

[0042]anp! i 1@ desifred the tublilar shaed Gémp hble Paenilr@sd é2aHR faded 6 a

initially involves fornmng at |east one micropore to a

j ta depilitaterinsertipnoandrhandlings Fusthek detailsapgarding crodialysis

¢ &8
: ' a 1.CI y use. ...
aod FE4A1608ure RO Pileny Ro®)h 05205, 3ot o3/ BT ot B whicn i
heretgyfplly adolpotatay fererteect rode el ectrically coupled to
the m cropore and anot her el ectrode spaced therefrom

[004f] By applying electrical voltage to the user's

in | e ed.. m Ccrppo .
D045 Sl EChald i (1R BRSPSk oy PSR By sampiog
modult 18 it adases. Thoasd ¢f 4 1asr provides tnany Wabardspes GAElLding ikeSbility to create
a&? greatly enhance the w thdrawal of biological fluid.

pinchue polocalized grosionpf shecskin tisshe,vsithouh g largrdegaes afwoncomitant
in PEQ s | xtract e s
poin. Cf SR cigle? dpiehiny el BB i 4cBRls e AYots papgratkinfpver such
that amidropeores isfonhtdethex@in MAISF dedadiddstoibe ek aedS Belause the depth of
el ect nggtrn?ti on can be )

ablation can y 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.




found in U S Patent No. 6,022,316, which is hereby

fully incorporated by reference herein. [0047) Still
waebdfpetzechni que for extracting | SF which ma

with sanpling nodule 18 is ultrasound. This ?&?ﬁﬁ?@‘é@m

f&%)u%es an_ul trasound beamonto a small area of a 9 WO
Patens d¥94 P56 418 ape-Intemptinaa) Pubdtcation Newr WO 1073 aybich altnkereby fully

inco At %fepeq{cgpér eptors wthin the ultrasound
pp CAtTon ST te decreases as the application area
decreases. Thus, the application of ultrasound to a
very small area will produce |ess sensation and wl|

[0044}) | ow UBY nsigreverse inptaphoiesis téahoigue sinfientophdreseddSF sample may be
mﬁggg}ggistfred at__..hi gher. i te,ﬂaiti es Wth little pain or
e b cpopiqying mpling fodule 18;, Tl toshaigpt tedies R Mqvpment of ISF and
& R A . | ol i T '
.gl the skin itsgllufﬁ?waelr.} Fgfgéaqﬁéggﬁgze P2 eg%dldr{g olﬁléégﬁ}mmﬂs
involyesa for cxmpleis paic of iontopharetikelactroes (wihith ar@oatdd ithhehyiropel)

beingal SO ﬁ{gﬂggﬁ&égg%g@stfeam n%,w\g\}g%ref eFerA ctq:%péthde ity of, for
examPRD 856t 0107 18 =Bt 0. SHARARS i6 &ehaggfgeggﬁﬁt%% t!)l?ﬁg% electrodes. Typically,

extraction. Mre details inre
the polarifycnf the applicsl @uiant will béewitched 2Bdut296ry 10hminbtes o Hhefeaky/the flux of

the icgpbireac I gle Sro% Hie 5e ¢ g . SEH APPRgRB o ey causes the
iontofforssaUSF sAdlple So be BPHENET ?T%xg?héz%%g r@ﬁgg#é? bEBAW & JOFb-osmotic

|ncl_udes a penetratron ne ratirng a
forces.aAdjptent $0 the i¢rEa)hondtictubediroBesan tesepbirds piovitied to téllect the

RS R BB i e apronte .
M s 0B 4Tt PRSI s

6,233c4M cand t6,272, 364, whieh ater lerebytfillpincarposunal byt refereries herin.
glucose) in the I SF sanple. [0049] During use of system
10, penetration nenber 22 is inserted into the target

004 Yt BARSHTE Sl Bl W BB EL B samping

modulSE saiqrirepbmtion. dElestesporatiok ifitiklty Riolveefoinknt dt fasOGHi¥ficropore
22, can.be inserted to a maxi num insertion depth in the
W“Wéﬁ'&é‘“ﬂﬂﬁ, dFB‘i‘ Y Bser's skindayer o The methog forfeamingdhe at least one

SREbF LR I 0nE ol QLA T i rcn o
electroderelectrinallynconpked torthe meicropbre dudianotheodedrodp epaed Giersifom.

menber 22 can include, for exanple, a 25 gauge,
thin-wall stainless steel needle (not shown in FIGs. |

0046)’ 2) ‘A . y! (Y=] > [ '

[. bend i?’éiiggosgg e%ﬁmggwﬁgﬁke%gﬂt g*@@ﬁig‘ﬁ‘oﬁ‘{gﬁ’ggﬁf}m“““’”

micropossy Eletopoeation effzcts 2 be naegtides tikaie stractuied befsafiethe AhiAR, such as
enbers accordi ng{hto the present invention are

capillgrics, fq greaHlY spbenas thewithirawalpf hielagicalluith A means fosrcollecting and
msiéﬁh%%ﬁ/ can @B&%nﬂl &bt Iﬁ@éﬂﬂleﬁ&%&%&% Qf&ct%)poration can then be

10/ 185, 605) .
subsequently analyzed by analysis module 20. More details in regards to electroporation can be

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

[0047) Stll 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



[ 0050] Launchi ng mechani sm 24 can optionally include a
hub (not shown in FIGs. 1 or 2) surrounding

woheif@bi7on menber 22. Such a hub is confi guagﬂ%@sz
004/018144

control the insertion depth of penetration
into the target site, Insertion depth control can be

user’ pukefayen diheaumberof pajereesntors vithimthe ultrasowgapplingtion sity decreases

o el e JOQAEG Tl Y8 BB B AHes 0 2 Rt wil

producelea$ sensdtionhae vill Alléw whedsoSnSaddlorliR Y&l eBa4s o Cfﬁﬁﬂmstered at
el imnati n'g a resultant fouling of ‘an extracte

highey inigpisities withdittlappindr diseomborte argei fomenemtlmproduceﬂ dpglly,gesulting

in cavRrioeh, Brhaticafoodtfaiom Bihy shiffsus 53¢ i darifeet sione Sprces near
the suPfBE6S 1BEGIBH. Mic ﬁldﬁlﬁﬁ%}&%ﬁé&n '4&o 6)? uéf‘ ﬁéo%%%%eaﬂ:ﬁﬂg? Which refers

Such a hub can, itron to ¢ I ng
to theilarge mmmcﬁm prbduded b mﬁ:rasnﬂmi Thisippgans te adidih ehbanging the rate

of IS crirachion, Ss“rel@m?a&tg%#a C“h@r% ngeaf e fownd dn £ FRepigo.
6’234@%%%55\/]% c@‘ﬁeﬁeﬂ{‘f' gured to

serve both as an i ns rt| on ’fdrep control neans and as
a pressure ring follow ng |Iaunch of the penetration

nb 0052 h FI 2 d | h
oot A SR AL o S T 10
e e A A0 B e e

site (’l.’& odiboéthaadeﬁlEhcﬁg ai: ISF smlipec, atlm?hjlmlniéSchaﬁnmlk?dydfm rat lcgét one
ste user LN ul e can e orneg
?%l"g%&rp modgle T aﬁwﬂv% PIOYidlei® F@ntmou{ o
conhﬂtﬁu@ﬂgﬁroﬂ?‘f uyglgﬂo%uim ﬁme%(smmngf(c g u' d
, rom t 1 on me

e target site

measmmhofmmlym@mhmtglmst)mwmf‘sampm n at | east one

pressure ring 28. Pressure ring(s) 28 can be of any
sui tabl e shape, including but not limted to, annular.

o0 < AR, DAY ARghEr I AL BB s

(i.e., penetrites the Girgat Bye)dfy dphmtlbﬂ 0 mnsluhgemaﬂndn&m M For t_he extraction of an
&matlon me ?qr Is residing in the user's skin |
ISF “ﬁ%é}% e pser’ s Skin layst. pgRetration ember 22 ganibe imsertagHo @iaaximpm
|
insertRn Gl W ETREexiil, FERRIA Sk Ehaddhidl, pelrgibtHhember
22 caih be configoresifto apiimire sutractioni of g6 $3F sanpse ipd cmgmuthd)res%nn-conUnuous
\rig 1SF extraction devjce aqcordl ng to the present _,

mn"tg'n gatdy percifaden § 47 cadriacluds, fonexgmply 2 ¢p gauge, thin-wall

stainlé S SREFheeliR Eét@ﬁowﬁ nil?IGs[ 9Qp ﬁ; with a'begt %h%fm&g?&lﬁmu]& the tip

pressure r|ng I's applied 1n the Vi n|ty 0
bend tsahsjmed mtwnﬂii; nqndlear tip endotha aeedie’s hoeloSuithide haﬂfdjxstfor use in
Si teng:)@genetr i on menber 22, [n order to tengl on th

penelfalion 10 e MeNeBhEFbHtonars describecip S| Patent Application
Publithtieh No. 6 2005 R06578KH 7 SY P Rent £icAfon 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 bub is configured to control the insertion depth
of penetration member 22 into the target site. Insertion depth control can be beneficial during
the e;traaion of an ISF sample by preventing inadvertent lancing of blood capillaries, which are

10



thereof during penetration by the penetrating nenber.
Alternatively, stabilization of the user's skin |ayer

W JoRd/1g7977penet rati on by the penetrating nmenbe )
achi eved by a penetration depth control el en{gﬁﬁﬁ%ﬁ@("%m“

shown) included in sampling nodule 18. Such a
located relativsly desp ircpuser’s skinrlayer, and iRralfyOintioaig7a resultant fouling of an

o A i s e i e
blood.OContfdlithg RSribe deiR 4 Ak SvERRhiirkiat Pin ragéfgg' HE@oﬁlfbrt’"S

i nsertion depth). "Exanpl es of penetrat
experienced by aaserdering usenef systemrlOuse are described in U S

Pat ent Application No. 101690, 083, which is hereby

fully incorporated herein by reference. If desired, the

enet r ag,| r : coingi dental.l i t.h
o0 CaicA WP TR n BAGGF o BRI HOE TGP, gy oo
(integraled with) h presiure rinp afibri lagnokirg ofal pehéteatioh aitnitfer L@ thus serve as an

I UHCEI ng nechani sm [0055] Once penetration menber 22
appe gEts Hog Alermakivelpche hubatsslf canbe canfigured to serve both as

. . i . . f trati

a0 inSeRiosPOEHRE Mol Blns R0  pfe Gl ipe Byt Lt R G pBpetaon

memb@apth in the range of about 1.5 mmto 3 nm bel ow t he
surface of the user's skin layer at the target site.

The pressure ring(s)_28_applgezlapﬁly a forcg on the
100520 s “fbcleh MG 2 4Gt lsiBl e YR Y B e Bl iampting
modulé 18, aunching gescharisrg 24 Sak UPticlRANYBE inkfvdSd W GisPdsablle Witridge 12 or in

i nduced by the pressure ring(s) 28 results/result In
tocal cpniypllss modle Jg of Kustera A6y Busbasowors, & simplificeraplapsonicof system 10 by

e SR T o ST o e .

| SF flow through a penetration nenber's needle is
ubj ect. to potential decay over tinme due to depletion

lmﬁf | SF Ip erder fonfacilitate;the extractionred adodily Buiddp.gx 5F)diroro the target site,

' j i [ 28.
penctoa it 22 Hullod Aflped KOHCER-1Iy PR3 eburane Bihut rigg 25
Presspreatip(s) @8 cih b 0FinyARitatile shpe MBuiRE buPndtHnitkdib, snslsr N
.layer in an oscillating manner (e.g., with a
addition pressarengly) 28:can be cenfigums to)apply@niosgillating innehapicalforde (i.c.,

L ' thne that is ontrol.led.via
pressrgPle B Wik St e bfeL WK € PRl el s oS i 2 er's
skin lapere Soeli oseillafion 0@ bd schidved tifbilh the uid 6 akiginSelelte (not shown in

| ayer in order to mnimze |ISF flow decay. In addition,

FiGs gl o Hgsuch gp e spring i refentipnblogk.c Thastaretuse and fusctionyof a pressure

. . ' ' dur i i,ch the,. .
cingt {130 S5 RS TR0 el i qenion e
descritied in mond detriEAow evilrraspeent FISs..etpved and the net

outflow of ISF fromthe user's skin |ayer is
el i mnated. [0057] Furthernore, alternating the

toos4102. TR ofesRlel 7, phobndts e 283 eyt P afcitiiff e trget
site TSaprisweto \pendiration of the ltarpétaitt bo pemtratliSir ndeiibe s ih beder to tension the
user’s skin layer. Such tension 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

11



sanpling and analysis nodules and |imt the tinme that
any given portion of the user's skin layer is under

W R8817e7 By allowing a user's skin layer to
the application of pressure in an oscillati ng‘é%ﬁ@ﬁms”‘

al so reduces bl em shes on the user's skin and a user's

element;rest d P8 therfurface ofithe wgor'seRiaylasT.omd acts as a limiter for

3
T T N S N A ——
controbeleaits atdihei b 218 Sedciibed in ©.S. P&t@lﬁt ng;bgfncgﬁgxpﬂs RRENEEES, which is

glucose concentration in a user's ucose

herehyduliy incorporaied herein by seferences| 16 desired sthe penetration ffénbencan be
[ foth resent disclosure, one illed jn_the
o b, B lon, of G pSSE tinSh o by shig lave,therby
e i ofﬁfe\’lﬁuﬂc‘ﬂiﬂrgerﬂﬁfhﬁnikﬁ!: gl ucose lag, a user's
the

pal n/ di scosnfort and/o creation of persistent
skin bl em shes. For exanple, the pressure ring(s) 28

o T T R T —

t ' i . 3:h
TS, 488 o 00n RCR, P67 kA BP0 U o e,
an m.fpﬂassdapﬁl i_nstlamahgdn_efﬁl@?apﬁ |ni§gdo B @arh hglouethé 'gﬁtrf]ﬁieidﬁtﬂeaEEﬂ skin

Oor a perio angl n rom seconds to ours.

layer g fhe arkt it The-Rremies FiRBlo)ciS Applies/ATpl a ooye o he g’ ki layer
G B Sl 35054 10703 PGBty My of e
targetgitel iAeshbtdermal, prédseretgradicq diidueed by the Ppgeswive @ihgfs) 28 ealts/result in

0 ressure ri i s deployed) is_ in the range of oo
flow G ISFtup-{Be SerdlsAnd thrgugh thersampling POl toythe analasiamodiile (a indicated
m‘gu}e&(ﬂm"ﬂg‘m\(@' s ! el eased (i.e., the tine
by peri od é‘u I ng Wﬁ@%ﬁ@a& one pressure ring is
retracted) is in the range of about 5 mnutes to 10

i nute A particularly beneficial pressure ring cycle
[905¢] ¢ qdSF flowdhrouah 2 peretrgtion membst s neadle issubjet taippiential decay over

i 81 AR5 e G GRS L oo i v
undex the pressunejring (8281 ridowenee,Hn ayst?tﬁd zﬁ:[cgr%]%ib thd Présdn® invefitich) pressure

. nmretric pressure ring cycle. ) ressure rin
“ﬂ8(§%|%§= m&fg@ %@em’ﬂoﬁw&wﬁwgwnﬂm(ﬁm wxsan ng
eS8 e ) Sl R g R
contrdiﬁct]\as _ISElafl@L_e saiuls mdasupé e aﬂ?] fdadbadky while! thélpggetréuldnﬁﬁhtﬁbdi e

| si ol ogi response that, mtigates ucose

residing 3 the aer(3 Skl s ATeF FRymiizedSE o dseay. icaddien, during
PP eggﬁp*e}%ng'quci | ‘ﬁg‘% %u§ |E En’etsH E cé gﬁﬁ g? g%gg’lgh e%‘lj“sfiél § Vhich the
presspreapplial Bythe pressure ring(s)is varied ainthé Yical pressatey @adiviitds tdiedved and

the oty oEfSF BT e e iR byorigheikdb o nat er | ol known

to those of skill
[0057] Furthermore, alternating the application of a plurality of pressure rings 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 discomfot.
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in the art. For exanple, the pressure ring(s) 28 can be
conposed of a relatively rigid material, including,

wadoof)fi7et7 M ted to, acrylonitrile butadiene S%ﬁgﬁ
f04{018144

plastic material, injection noldable plastic
pol ystyrene rraterl al, metal or conbinations thereof.

4‘11'50?* ; i effecy os?mgg ?-sw% an(b)e%&mm?fsemaﬁf.g gl_anncristhat
el a e I en ero e nateril a I NCl udl n
ISF gifoR lat 4./, e Bifergnoe Eh595° Fonerpiratigmy in zpwe s 18 eighucose

conc@tREbR P4 heer’ %Io%ﬁ)ﬁ'réducg lymeric materials,
pol yuret hane matetials, atex materials, silicone

mat eri al s or conbi nati ons thereof [0061] An interior

peni ng.defi ned by the sure ring(s) 28 can be in
[ws@ny sui IaBP“*?ﬂé% "ﬂ‘ésub%tonﬁ illeq iy the @rtican devise a variety

ofpr%g.)&(.gging CP' oct ag oﬁ an dkoilrlég]“r‘}cgl IE?%H%OS%L‘%S ha&%ﬁ@?‘fld'mo“

and/on\tercreationf persisienpsidn bifhistes. DEdMEample, thégiledsre Tinpd)28%an be
flow deca and/or control the fl ow of | SF through
deplqmtg(l uze iygppliesio ap@cres skin layar mgheeicinity of a

8 T ok by S e Bk .2 s

such thiatipressure’iS noSheigayiplicd the H@m\&m Iayé}ﬂbrﬁf]ﬁﬁ&l ‘i'ﬁlgmg from 30
r| ng :gs) 28 are being enployed to mtljmgate I SF gl ucose

Pﬂéﬁ pmab itidhes hmﬂqtemmesléhan glugose lagiahg a user’s

pan/discmon c e ?lﬁ{i @'ﬁg dutSéF%?VhS% the 2 F‘?é“ﬂ%ﬁ‘%‘t"i%fﬂ“@ Proseyre is

appliéd(iel, tieuimeperivdrdugin vmléﬁhtlléh@t RHédserat aEpl fUh&he
mthe pressure ri ng(s) 28. [O%Ggﬁ Isn ard ?l 01319*;"ﬁﬁ Tange

of ab@g 3Qseeonds torrbopt 10 minutesiaad mlseeamunp pémdurmg mg(da)pressme is

releaddt S5k e el et Phich i Bl B TR g shigcied)isin the
rangessTRboyt 5 @inkRE tdfﬂaﬁﬁmftéh” hﬂyl BedeHtial bfé@ﬁﬁ@nhgeycle includes

such as, for exanple, a chemical neans (1.e

the application of ermemuwtmdmmmmm@r mmtes Since
t] nbi
citisPAmonkHf il 1 S50 o B et Pros BT, M b 65 s ettt

as an gbymaaiSiclpi@siaé tinfypaé.nesi zed to increase the perfusion
of blood and/or ISF in the vicinity of the neans used
for mt|gat|ng | S glucose |lag. By |ncreaS| ng the

tooss) c2! % il itall s QB e Sevit s i Aok 9 concerns
are w%dmg&@mmmﬁlwf&% tHSECpericd tlﬁttlk &ﬂi&ent to

| ucose | ag. Such chem cal neans involve applying

em?tagdemq vplutheof bodikyifad, (Ebindocing gphymlogt:Qle'e@opsqathammgates ISF

cole Bl S rhip iZlnk sk iS008 Snd e Seafion A per T b Binlpes. 1o

addntioh; PresstNiig Goligy HubARSANQIsE bemeﬁmriﬁowaawseinibbﬂtﬁmons
salts, sodium chol ate, sodium dodecyl "sul fate, sodium

analyfemeasaregientsdhat ogen ofes sxaraple) exew, 15sotuten gl ucochol at e,

or a conbination thereof. In

[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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addition, all skin perneation enhancers and

conbi nati ons thereof which are described and

woeioes/preed within U'S. Patent No.'s 6,251, 083

5,139, 023 (which are hereby incorporated by P@?@P&Wé@m“

herein) are suitable candi dates for use. The chem cal
clastomenematgs al/b,@qummqmnmnnild, p@maﬁﬂe@tﬁﬁﬂé{l%t@i ﬂ'fﬁ?enals silicone

US2004/ 018 emul sion or gel to allow for a

mate’é'%’ﬂ Olh‘ﬂa i‘&“t""i}gpl i cati on of the chenical neans. In

addi tion, an absorbent material such as fleece may be

used to faC| litate the amount of chem cal neans which
[0061]s appl Amihterjd optniag defived byebesreésare Hig(s)E8 dad®e iy suitable

] %nﬁo e %%l {0, use, uItrasound U trasound | ag
ﬁﬁ'ﬂ& ¢t Sireylges papare, H@Dﬂ'pbm(é-ahapgm@hapc hexagonal,
@ig:ﬁgll rget site by placing an ultrasound
probe a Jacentﬁ{agéthe target site (e.g., a user's skin
Iayer) Applying a first pre- determ ned amount of

trasound to the target Ssite causes |l ocalized heating
W%Lih. ch i Whenpressues iag(shdd is yeing employgd te véwimizedSFiflow decay and/or

consifil 808 ISP SRR e bl 4 54 BB 8 B e 2
remaas &ﬁmm(mmmn? thé tddpdt SRS OFHAE useth dh laPerIHIBRIUBE pressure

sbhanthe first pre-determned anount, to facilitate

(DR 1aze im usa. Jhowever,Srhen|pressure ining(s) a&bmcbeummploymi to mitigate ISF

g‘t‘#iﬂ%@?ﬁﬁ%ﬂ%ﬁ O b 6 G Bilehfy mieon 4 jBers kin ayer. Such

interrdlitfend residéRg BF die}@netidtion TRHiE Q%Sm&;&iﬁ?é ¥
Patent No.'s 5, 311l 975 and E[) 458, 140, leaé%lg{bd\fk??c ncertwnhthe

appligation 9f pressurs by the presswiarisg(shP8r ef er ence. [0066] A
further neans (technique) for mtigating |ISF glucose
lag is non-oscillatory nechanical manipul ation. Such

[MEChanllﬁaildnﬁmthHi'@édnoﬂteﬁﬁﬁvéfbckﬂéqﬁeféf‘gtout ?ﬁ%@ﬁ?mﬁ%ﬁnglﬂ’

a target site, adhesives which bring et sit
glucose hgiwngempochmns of inveotidrisageording tol thei pI&.nt iveention can employ

otber R fof Blgteteot Rishi o S 6 oPlre A emipyeans (ic. a lag

mmgﬂm’gdwinﬁal ﬁlnfa&flﬂﬁt ¢ HaficaPrhEarld SR, |
s and 6. 316 210, gﬁééé%vgfaﬂlﬁwcfﬁﬁupdiﬁ&ﬁt@’

combmppy ﬂ!eﬁ@&r bng@m& syoh mmﬁQnMgapﬁQM ghveose dagf are ﬂ:ypothesxzed to

S8 S ellbiol o bREh, A 18F B e iyl oL1hE mighSs fioa i Buigatoe 157
glumﬁgbﬂz@itﬁédsﬁ% the mama@ﬁt:uﬁh&@oi(mp R, ﬁfc&ea.%esSLhe n)

ance the circulation of bodily fluid
equilikration mafe pfglugose betwaeniloedrand ISER) sour ce can be
enpl oyed as a heat source. In such enbodi nents, a
tenperature probe can be used to ensure that an

{00641 ppr OPIA EliefniddlhkAs ﬂi‘a¥|ﬂ€§§ed't§ nfiBRAtk §fhich®: lﬁé‘esmheﬁlcal means
skin_ | ayer such that the treatnent I's confortable

involvfhmm a lagqmitigating chemical it 4 brged Sitdeag.,  the aserisrskin kaya') to
ok 50 IS b SEN o e oo s
functionare chpsdicinhiktaiidie, hatfral 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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hi gh such that the, user's skin layer will burn.
Details regarding the application of heat to a target
WU Jo8y/a877 N U.S. Patent No.'s 6,240,306 and 6 3
each of which is hereby incorporated in full ’Pé ﬂlsg%%fomu
ref erence. 15 WO 2004/107977 PCT/ US2004/ 018144 [0068]
an erglsion oy gel ta allow dor asimpls and diredttapplidatiog of ffc dibmicab@eadg In
LS the uge of vacuu For exanpl e, vacuum can hel p .
additiqn, ap g‘ﬁ"é"’f‘%ﬁ“@'@f‘a‘sﬁ“% ay g‘iﬁ?ﬁ may bg usedito faciljtate the agpennt of chemical
mem&k@pﬁﬁ&p can aid in mtigating |ISF glucose |ag.
I n addi tt'on, the vacuum provi des a negative pressure

source which can facilitates | SF extraction fromthe

arget site. The appljcation of vacuumto target sites
10063); des mepng;for mifigating ISKgluceseslag sstogmse nltrasourid. Wirasound

| ' . ference. 1000] . Still
lag nllGEaRY W AGRREORIOP the'boplbatiof b uGIEIE S surkeh sl o7 piacipe an
ultrasennd pfoba adjatent to ibe tarperishe gd'.gll a udel sekinllayer): | APpiPihg a T & pre-
a.pair of electrodes is, for exanple, used to apply a
detere*e&%émoupbof ytrasound fo the tasget il pauses localized heatingiwhich in turn helps

- . St . cel | d,ti
it hISF o] SRS TULALES sHELHR il P TR
probeyéan secBad Pile-dein@iriet Athoufit ¢t Whirasdund RAllidtPisSreater than the
nodul-e 20 of system 10 includes a distribution ring

first prp-slcteymined apopily tosfacifitate e pxtmaction of dSHo Iksuchan caabddiznent, the

' I [ contaects . .306, Each of .
ultrasbtd Boby et 108 fe 158 OF A huite Buncpfiie Sad cxrapting ISF.
FurthepdetsilsI0garding altreomrl tsetisdes Gn RS VPR No 8 SD3Y D75 and

second passive valve 314 and a relief valve 316.

312, a " 1
5458140 erchiofi wehichds hexeky fullydncorperated &y sé¢farened.s with a
cross-sectional dinension in the range of, for exanple,
30 to 500 mcroneters. For nonitoring (e.g.,
[00661Eas ur iAgirthet beasNtdchniqud) oMt ibaliRE ISIESb&Re 14 i@ hbfi-dbdilltory
(n) . of essenti gﬁf(y [ dgné)i cal % c“r?%-fl uidic eltvvor ks

mechapnigal manipplatione (Sugh meghanical manipnlation cahinslu@e pullingor pinehing a

| Bel ' ' ul 0. Di,stribution,_ri 302, . .
arget 16, eBESves RO btk B EReR sty hear e devics
for ingrsirigrdbratiby f hé sk laRri(ied. pabdigctdid ) "MeBhtndl means

to control |SF flow through analysis nodule 20. [0071]
for mppipulatmg tamget silgs acpdescrbadsn U. K Rawnt No. s166132,891 and 6/3/19240, each of

: gp"'B? § in anal ysis nodul es accordi ng
Whld%%qfﬁeg’gg‘rﬁ sen |%\ngﬁ%9ﬁgﬁen@'ucose sensor 310 can
contain, for exanple, a redox reagent systemincluding

an enzyne and a redox active conpound(s) or
[0067}c i at o pied furthesmeans dor mitigating glnease lagsidithetuse of heat. knowch means,

= healtl pi86c 0. o RSO enl ] LK AR o AR Bl Fachang ki) o

enharice gt direulatiph o badilyeluids: LAV tive 1y an infra-red (IR) source can be employed
2, 6-di ntt hyl - 1, 4- benzoqui none,

as a heatsoprce  fnsush embodimentsq o tempesature grobsceande used to ensure that an

appropriate amount of heat is applied to the user’s skin 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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derivatives, osm um bi pyridyl conplexes, and ruthenium
conpl exes. Suitable enzynes for the assay of glucose
wohowhfh#70l ood include, but are not limted t cose
oxi dase and 16 WD 2004/ 107977 PCT/ US2004/ 0181§ET’QJS%“%131“4
dehydr ogenase (both NAD and PQQ based). O her
substances that nmay be present in the redox reagent
yst emd de bufferi ent s .g., cjtraconate
1006 > " StlFyed Rt theias 15 N iSF:alicose e i pae of vacuum. For
examipley Shcitin GatHeR Wretd Dargef@e(bitR as 3R 0§ ,!% . n &
. m%m oride), surfact ant§.gf>e. gec( Tritllgﬁlj,g?fé%%gf% e ?@ﬁ#@’{ﬁmmc}
in miggatingtISF 2bioge lagnth #Riditiomnthe vacwamal protvides inggdtiye P source
. {e. +.al bunin,  sucrose, trehal ose, mannitol and
W"“@ &&gfaﬁlé‘?#‘es[u‘g]gﬂsrwnm@ e targetsitan dbe ppplication fjienum to target
sites BI2SGHbed WULS: PafenfNESS 695598 iRl ; Sdted i
sensor, glucose sensor ’3?[5(:3 can pro‘gﬁggg%%lcéﬁ%aﬁﬂgaqmw
referange.r ent signal in response to the presence of gl ucose
in an | SF sanple. Local controller nodule 14 can then
receive the electrical current signal (via electrical

0 ont ot B RE AL bigai ik sifo LR T ase oL pm pegric
potential thh suchus cizcutiistmes @/ Paired eleciodus ds, foRXABPRITRI to apply a current to

nitoring) of glucose in an | SF sanple for a period
atar s“?i(ﬂﬁ#‘aﬁgu\’%’r §kindavst). Thewusrent stipwiaiesnervereells gnditissues in a way

M‘Wé’mnmnﬁﬁ%ﬁ%ﬁ?ﬁ?&@H l3¢/lg_mass- produced provide

an accurate neasur 1 'gha or alifetinme of only
about one hour. In order to overcone this problem of
sensor lifetinme, a plurality of mcro-fluid

100701\ KRETGTIRE ta FUG b amaTisinmRghls 20 ot Svserh 4@ s o istribution ring
302, § iy of i@ HEIG SHGRY 308808 bl iy Bk Red prpipdE 308, Each of

microrflidienetworks 802 iheludesd firsy passiva ¥alve 308 AEluERB s MUY, a waste
mpnjtoring for_ a period of nore than one hour. [0074)

TeSeIVRe? 12e 526004 PYBivigyalve 514 gathe relisf vajve 316 cMiandlmid n¢twarits 304

: | i ' fo t] . h

tncludebafackd Fh G ErRE sk fond cimbaTBi s HF Fnd o0 R cblern rasp00

microghetarssBor nibeitoring (6.8 uiehStﬂing‘ggu&fs_c il @ Mlowi ISH sumpRSa Plurah'ty (m)
ui ding an 1 ncom ng flow

sensor.s can be inplenented
of essgptiallydfentical icra: ARIGHG hegwoRka a4 (Al s Festeddo o sensarbranshes M) can

: f: [ e I [nterr ' t he .
be ingtidbdiR nyiieioile 20, HidHblelrd 5. Ry phSivE VB D8 gt reservoir
312, debond passivervdlive 814 indcortef WeRS316. ard Borfighfdls eoiittol ISP 8w through

aof gl.ucose sensors can be repeated until each gl ucose
MY%‘%H@’SPJEQ hcl uded in an anal ysis nodul e has been used.

10075] The switching of the ISF flow to consecutive

gl ucose sensors can be acconplished, for exanple, by
0071 he f olAnywuitsblp phwceddisessor kaewn ioihbseodfi skl inQRe &t can be employed in

anal ysi s nodyle 20, an | SF sanple from sanpling nodul e
analysis acqording ks present davention.i Glicesesgnsy 319 gan epntain, for

example]'# Rldox reagent system including an enzyme and a redox active compound(s) os

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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branches 304. However, the flow of ISF is halted at an
inlet end of each sensor branch by the 17 WO

wePidd 3477 PCT/ US20041018144 first passive valve 308
of each sensor branch. To start the measurene FT§.§ZOO4/013144
lu

a selected sensor branch is activated by

deh Cg‘?’?g (both NAD pad PQQ) hased)1 ©thsr substancesthaomaybapiekent Tinthe redox
: [ t ed lief | ve,
L T KT

bufferk); divaleaneaione @l ScaWiih cRIBALY, $nd i 48):
el ectrical con?‘z;aggt ] 306.c Upon opg%ﬂgglg?%gl(%f@’ Is%qactants g,

Tﬁto;aaMﬂgolg'{g};mg'ggSil(ﬁ@L gonyk and Plereuic); and statiilizihg igmﬂ%sgmallhﬁnin,
EQ or_branch 30 ich is hernetically seal ed)

Su es’c'a'%gsbéeaF%@S&qdj?é@%ﬁhof the sensor branch 304, and,
as a result, ISF wll flow into that sensor branch

304. As the _reI i ef valves 316 of the other sensor
[0072k anchda thodircomstance that gleewte stiver 3 RFisiad eddchroWhemical bdsédptucose

onl,y into th el ected sensor, branch 304. C04761 The
Sensqx, %‘ﬁ%‘ﬁ? 5pr ?’A‘é@ an elepizical quripn| signpd in rgsponse tenthe presence of
' ' ' t f f | ow.
e i n SRt ARG by L o B85 RLOKE e o comen
signad (Nia elgcteinsll opntacts 306 pandpnegr it dite ISE pRRéserbAcehdtion.

communi cated electronically via electrical contacts 306
to the local controller nodule 14 (as depicted by the

oo7Mashed SYste j | [ nu | ow n nd
enters wvas ?y\e&? g@e‘%vegprlggf?g’ﬁﬁﬁ gg{;/%}"@ﬁg glgi/or\mp&%q uous
measpreguet gmoriitocitglofgiudosain dntISPaaMPLRToLA Peridll ofdigh Bbur? for more.
H | SF eﬁgl w‘%lpﬁg to that needed through the glucose .

OWEERLIOPYED Baose sepgRrs thap Gan be ecppomically mass-prgdudedprovide an

t : k ' n L ucose .

oooin AR 910U LRI b i "y e R i
problemad limited s@usor Yifetinst, b pluzglity oR inferd-Fluyd BetWotks 304} &Ich comaining an
idents nd aSS][C’:%/]i) valve 314 is | ocated at the end of the
identigal glicase Setisr,110, are provied inaakyes presigle20. \Each of these glngose sensors
. i . . 71 The .. "
,lsemgr Eaeglltﬁ et ert11§%:on .%3%@1"8’@"’8‘%8%@‘ S(Lﬁlggér EXpT QPUPYQuUS momitoring
for a pdriododf more themrongedwosnr  branch 304. Upon sel ectively

opening this relief valve 316 (which can be
acconpl i shed-via communication by the Iocal controller

00740dul e a0y y C oGOl opdi sensar:

[. fjitr)anch %)Afma ter !bésggé #ﬁ%&?%@'*%% ‘ &E%PQ/ r\??\ﬁ’\‘}g‘%ﬁgo‘i of

time, |socieasanie ihout) leasbleenamtintious e BemiFbartimabimeasutenfnd bUPRERe. The
0, of. that sensor branch wll provide a

3 .
conseg 3T % L Hlemira) 4B1cos SORFPAS G20 b ImplRRATUAY BYidiog 83 incoming flow of
ISF finl% g%’!’@ﬁ‘.%ﬁw g@ﬁ%&ge ?é:lsoxsgﬂ}sﬁi' a E’xr:(’fi‘t'.;]é: ?’,&gllgv];ed by

. anal dul e en used. For*a sy
ntenppiing the ISHow te tiphglubese sensof ambswitdhikp the WRIEO® 20 another glucose

noRjtori n%#i aboug ei ght sensor branches 304 will be
SEnsof.g VESE L BlaCoSE §easersen beepgated skl eash glneosa sensor

inclulldd intah Q55 olt6id Hadlbd t, however, that the

anal ysi s yrr%gul e 20 of e@ﬁ]ssg%sabl e cartridge 12 is not

[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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18 WO 2004/ 107977 PCTI US2004/ 018144 limted to eight
sensor branches and that, therefore, the system can be

wirsibgnpeh#t o neasure I SF glucose levels for | or
even shorter) than eight hours. [00751 It sho%ﬁ%ﬁb@(’”‘mm“

noted that analysis nodule 18 has thus far been

first passive yahue 308 ofrsch gensexbranchal Ta sart tis teadyrement of glhwcose, a selected

e R BB o e AR SR BEERL S b e prcss o
openitig\useRRtied clR Whlve Gadbe aeahm’cy%oﬁaéﬂéd% Bcal wﬂﬁc’flﬂr module 14,

_includes, for exanple, a glucose sensor)is at [ea

which semmainicgtes nu;illhmalersis Fﬂgulekﬂﬂggia agct_ﬁoal ;FMWPG Upbh opéning of a
reiet e 1B R 8 &, it e s ity bicmiiuhs srseer iAo 304 (it
hermbvally sél &)  atin ler i of the K0Gsof Brandh g?ﬁﬁiaﬁg%f%%sult, ISF will

each” of which is hereby Incorpora
flow ini¢ that:semsor HrardH04 SAshhgielichadves 816 of theGilier 860 Braatches 304

en e S . a | ycose oxi dase, or gl ucose

remafg ek s s SRred Tkimy P defovie elctied.ssmeos hranchi 304,
pol ymer onto a worki'ng electrrode. A bi- functiona
crosslinking reagent such as an epoxi de or aziridine

[0076lay be Thequiessare b tlier I8Pl sufficientllargana breackfigt palsiewaive 308 and
hge el ectrode surface. Such adglucose sensor_can

will, thereforeLIqyy tRvpads gipease sensphalta ol mepspenent signak is sabspquently created

' ' ' | ucos
by o A0 AN o i 95 o e o
contreltea myeinle] BIO@S Hefitted by theldasid 22008 Gh FIG.3). ESIPLENinBEs flowing and
enzyne suchéﬁi | ucose oxi dase immobilized onto a

ente FeSer¥pR volyipsiof which is predptepmined syl that it can contain an

al’e yde- i.s used to
snoufl CEISF iyl G368 Beectll fkofih 0 BMIcRe e EcH S iiie; FSLemofhmie, o
the average flowsmte ofaboutr 50 mnyliers pes misuiy eiid £ Glucesciyakiod Gfdlime of one
eroxi de such that fhe_hydrogen peroxide concentration
bour,| Tdﬁ‘b‘ﬁ waaﬂﬁ Feseryoiri3d 2 woyldkecappeirdmatelyal migrolitgrse A second

vk . el rking .
passiYENRIVYIAR 1P el Pt Sad BFfhe WAREE RV 12 g $Bbclid Hssive vatve 314
is configureditastopdhd flow d€ISE.mi ni ng the | evel of the gl ucose
present in |ISF. [0482] Yet another glucose sensor
enpl oys a nodified bead (such as a | atex bead) that

007732N be i, g@}@g et Bntihe . ] i ch
e uses fluo escgﬁgﬁe@gnancz’yg’ﬁeémr g%gp#?egﬁﬁ%{rm ?%0&' Sensor
branch 864.nbpon yeleaivelyropening dhis eedisLvabfelslig (wiiell cateaickdmplished via
regar.di gg SLiCh glucose nonitors are in U S Patent
comaygication by s lock) Canteollsr meguleda), 15K molk flapiciniodhe Bgrresponding sensor
. . LRi . 079¢7
bran%C@_lﬁ_? E%%%ﬁ%mﬁﬁ pasive GalE385 Tocated i Bat AW h! Thereafter,
the glucose sensor 310 of that sensor branch will provide a measurement signal to analysis
module 20.

[0078) This procedure is repeated until all sensor branches 304 of analysis module 20
kave 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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[003] Local controller nodule 14 is depicted in
sinplified block formin FIG 4. Local controller

woshel/fo797 | ncl udes a nechani cal controller 40%%4%'@[4%381“
,a

electronic controller 404, a first data display
. .‘Ig?cal_ control |l er algorithm408, a first data storage
limi

&ﬁé&??‘ sensor hragches and that, thfaﬂorqﬂ mcasystcmhqawﬁa desigaed to ng,asure ISF
i i that it
gluodsp BvefoPfonBtt Sved Shorter D LAMEERS 1" "3 Dossil e

cartridge 12. The nechani cal coupling provides for
di sposabl e cartridge 12 to be renovably attached to

[0079)c. g. , It shawld beinoted thpt analysis medule #8 has thoofivbeen dederibed as being

Lacal, cont roll er dul.e 14 and di sposable cartridge 12
“‘“”3@ "é‘B‘%‘ﬁr&é df? e‘lﬂ @&gﬁmﬂ%&e &0 g System ageardiag to the peesent
inverfiion %@,-Wdulpé/- I trap. |
mve_v\/ni 0?1 secures thels nggé%ﬁﬁg{q?ggo %‘?’e?’ﬁl |%dp%¥s%ﬂ%({dule 18
(whiceincha ﬂ@gﬁ?rbmglg, iS glnedse Gasbr)is dt Giasr@aﬂtﬂét Iy '1 ml:pgdointd&dyt B (for

usecr'.s sKkin. [ use of system Irs

U0 B3P Feg ot by Bl roigbls coRGmiwa glwcosesvesors inchude

thoseSdeSdribef is . Lhed

Qhsiebell in LS PARAH XB 26 3PE 1S G20, 80 BP05 RS PERLETS T cach of
whichlisdeochylibebrparated inifidl bhdefesdtRs, pl ace via el ectri cal

contacts 306 of analysis nodule 20 (see FIG 3).
El ectrical' contacts 306 can be contacted by contact

ins 70 | ocal troll dyl
fousd, " [ oSyt @icdst Shnsdis <8 by p Yiihme, B0t R osf pPfese e ghucose
dehydrogetiage, t4-IBnfobilizes with Gdnur? fedoR g)oiﬂer%wmws:kmg clectrode. A bi-

selectively open relief valves 316. ‘Electrical signals
functional resstinking reagent gpelvassan epoxide or pzitiding msfy berusedso coaimphebilize the

t Si dule to the | ocal
enzyi Sod B PinB 8 e elihe S0P ShelTB aticSoe psch i g lucose
withoun theraddition of hesfedty Giffusing Wvagdfits Ad EiPtrads@6R! a G8EIsE Bbhc@htration
. algorithm 408 and di spl ays neasurenent data on a first
nto aprpportipaal cutrentdeyel orgherge. i s readabl e by the user). In

addi tion, neasurenent data (e.g., |SF glucose
concentration data) can be stored in first data

(0081t or agOmbrglaiise $6i8ors (B BplolyTan @hzyrRe sl as gﬁchﬂHﬁG&se
. dispgsable cartridge 12 is inserted into |0cal
onfo-a working ¢lectrnde. Typicallyn e bifupcsionpk Goistieking ocagent such as

ehutafRldd i Boe ORGP ¥ Srainf 6 the ke lrsfipS b v ucose
sensof xyper s @bnviiéd itdhydiSgenGedxideddtich Mdt Ble HAHLER peli'bggig concentration

. securely holds the disposable cartridge 1271 n"p
1s propgrional todhe glncase congentr@lion] The hyfitogen perosidh iethen okidized at the

workia enBB0 ) B LarA i SniB ci BE %Pt i rBin e e of e

glucos@ preednt wdISFON signal fromthe user, a neasurenent
cycle is initiated by first electronic controller 404.

Upon such initiation, 20 WD 2004/107977 :
o0 SRR BB BT AR B s
can be implanted into the subcutancous 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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| aunching can be initiated either by first electronic
controller 404 or by nmechanical interaction by the

wWoRbd/1d79008] First RF Iink 412 of | ocal contquLJ $2004/018144
nodul e 14 is configured to provide bi- directiona

communi cati on between the |ocal controller nodule and a
[0083]e ot e kosal eaitioller modité &4 isldepictes idajrlified Bycki fofm i@BER . Loca)

[0 f.FlGs., 1 and, 4. The |l ocal controller nodul e
contiBfIEHBasiE 14 incRides; Hehatical Contiolier 402,  Brst Flasieic gapialler 404, a
 first - pdunet _ Com

St lishiag 4064106l cbitrdilt bRBEE )3 105 SR ffbent 410 and a firs
RF linkd4t2.ve and store neasurenent data from and to -

interactively comruni cate with, disposable cartridge
12. For exanple, local controller nodule 14 can be

fi ' f .
oo oL BRI PR ASRGIRES boch B8 ot ptecricatly and
) d | | | - .

. bl qock di agar gﬁ] depi c{eidr?ﬁaggearr}nzt:eﬁi:eolﬁ?r ol | er&lrfgléﬁgpgfogiggggofr
¢w0§9‘§? earindge 1Rderbe Eeeeynbly ottached o (g sinsdtedrinto)tesl eontroller module
14. IREEFRGGIETRAL s SRS lfiter 13,58 Scgurcd suckibesthey can be
attaclibidp URySkBDEE a wkePby; dorCdxaiiBle, k@4, it & Mansd: el%@h Scifedtrl 2,

a bl ood gl ucose neasurenent system (adapt to neasure
combipatien of the disposable ¢ariridge 42 phdlsdalgpontrober madulel HSamp thmbet!s skin.

data carrying el enment 518. [0091] Second el ectronic

controller 502 is adapted to control various conponents

[0083)f re 'mirﬁlnglQE b{) §stepd 1GI‘Hi‘${|eﬁalcir§nic%‘3ﬁ9¢51$r b4 %ﬂ%}ﬁ&? r1]1.(|156$.ismt.ament

configured for bi-directiona comuni cation Wt
cycle|of the| analysis masiduler 20y asiddserilied abevey. ComamaivdtibiFbétiveén o4t controller

G e TR AU Ew—.
20 (s¢FI0) g) HlEcthicAlleoRads 566 c&ebevdnit&?éd%g @Eﬁc n@f:& ﬁézfﬁeé’ﬁc. 7) of the
Furthernmore, e

second el ectronic controller 502.
local gentrolispmoduleilde Electrivabsigmlbare sent by tbelbcardnaolidryaehildl4 to

ond ectronic controller 502 and . stgQred in second
sualy S B 036 oB Pl SlsEhvebH opRTEe Yalies B18 gBleCiigripigils
repredtilid (12{gld@E oneYnifutioR Bf aR ISF {aB ' | tht biffysis modul
al tg;ggri t hgrln 510). Slclacond data di s&lé;é%é%% %?ﬁg}eﬁn%?}éﬁms eto
the loga)irontsples mordudi | Kirsl Slectommic trmprofler 40diatepprets tiesg signils by using the
I spl ay,.confj qured to present asurepent data in a_ .
tocal ity Biotey AR b ispiayS feiiermens Bt brehate dsplay 06 (which
is reatidtle by'ile k@l Cld Aditlon! bk rdidi \ge i
200.4/i]1079“f§é%‘[9 Al R oAr o S 4 (G IS buogst lffentrpiion data) can
be starestiipl fisstidatd storagaplemdntt489conmuni cate vi a second RF |ink
504 to a renote controller nodule 16. Functions of
' renote controller nodule 16 include the displaying,
[0086}t O | NP b e OAPFTIEDdi CaEIJERSY (RORLY i ﬂfﬂﬁ)ga]i
resent abl e and conveni e tS%lFor mat™ f or ngﬁe user. e%?goner
mOd“gfo k. ' Bhis insentiod prayides formeciticab communidetiambdtersel disposable cartridge
12 and 'légf‘tlnon%r%ﬁép Module 14. A mechanical controller 402 in the local controller module
14 securely holds the disposable cartridge 12 in place during use of system 10.

i

[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 nser, a

measurement cycle is initiated by first electronic controller 404. Upon such initiation,
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vi bratory) alarmvia alarm 512 for warning the user of

del eteri ous gl ucose concentrations. A further function
wo 20081992 controller nodule 16 is to nmeasure @'C'IﬁfSEOO%IOlSIM

bl ood glucose concentration using blood glucose

measur enent_system 514 and a single use blood gl ucose

apber224s laupchsd dnto gheowser’ g skio dayer mmrelSFrmamhnnghg/

o B 3 R B8 S L 468 B i Brtcracion

the usdrgori t hm 510. Renote controller nodule 16 can al so be
configured to provide for user specific data (e.g.,
event tags, state of mnd and nedical data) to be

08l 71 o RSB RET 415 of Il conipermatl, 1€ ineouRgered i paice bi-
dnech@ﬂkmﬁﬂﬁhfcﬂh&%c %:g‘ Sdnediler Ih?(?dé? &r?rdo %}ﬁﬂﬂn%%{ﬁ%ﬁ@r module

neasurenent data from contro
16, asdepicted by)tller]lggeé rrrowsl of EGsBl ahdér Theloeal gonaullétatoduld/mesrporates

a,si nd . c nt pl atform for managi ng
a ‘“5'31 E@é‘?&" ,, A Heplor, ’&&fﬂ%g the cprrent stagysiof ghe system.
di spl aying and processing of glucose
noni toring-related data) and can be used to fine tune
[0089]her apyLacal controllérmaodull Aidreonfigiredio REdive MidNstdre dasiiEment data

renote, controller nodule 16 can include the
fmgeﬁn @ [tergctively eomippnigate; withodisrosablg cartridger 2 (For examplestiocal

| | at.ed
o AR RS S i TP e
zomtdwmmemdrgmekd ®nceMALbe vdlge. rather than | ocal

controller nodule 14, the size and conplexity of |oca
controller nodule 14 are reduced. However, if desired

h | t d b d
toosdy2" TGS SR Pl EERPeF dtatiag SiainE o ie SOREET Fapcale 16
of syst@t U0e RehiofiOcbhtrbllerahéifile 1@inkRides i E&bﬁd éle&?(ﬂﬁé'bﬁiﬁ%m: 562,

t he bI ood gI ucose level in a blood sanple (BS), bl ood

secong| RIZ inle 50rh: 2 seponglata starageslergant Sﬂé, peecondidata dlsplayl 508, a predlctlve

SO L G el e o

Bl RBIoOd uwse&m;b51r@qn&hus@%an§ihge&miaﬁsls>n whi ch a
bl ood sanpl e (e g., a drop of blood) has been pl aced.

The resulting bl ood gI ucose measurement can be

10095102 Sboblh G tBR GabBiiSy 08 FAdap T cotbesl yRahn cpiponents of
remofeQRafdlldReRGIuk: 16)8ecohd RF LIRS0 & &ﬁﬁ@@@d Wﬁl%%bﬁdhal
[ ncor por ate a conmuni cati on port such as a seri al

commpuzieatian »th the lgsak qontralier modwin14 (e & secorB) RF Bok 50 tan rcoclvc ISF

eiuce BB Gop AT ohh AR oot R o S s e SR i second

RF 1ifk/S04 canbevalidfed aktlvepiticl by caddbnlRldcR At yntpsiRp 562 ﬁlﬁ[hemore, the
exporting stored data to an external data
data so received can also be processed and analyzed by second electronic controller 502 and

stored in second data storage element 506 for future use (e.g., future data retrieval by a user or
for use in predictive algorithm 510). Second data display 508 of remote controller 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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managenent system Renote controller nodule 16 al so
i ncorporates a progranmabl e nenory portion (not shown

wooldifgro®) . such as a reprogrammabl e flash ne
portion, that can be programed via a commn?%%‘%sa‘??"‘"““

msﬁrt. ur pose of such a nenory portion is to
(00924 ¢ | i t Zhelocakreatrelieranodule Lhis adaptertospsimmmicate!ViasecnddRF link 504

Wi e S e T EAE
displiﬁﬁg,rmmig%da%@)é&ih%gf %m&ids&h g,\xmgs)q,, i AT és@l‘fthgig ?lal& comvenient

comruni cati on sl ot 0 recelrving a

formaifor {heriisere| Reveote comt®lianmodulenttican also provideemqaidible, 8 and/or
' . elene 18 can pe any_suitable data carrying

vibraiH] M VRIS 112 RE e (B b5t 45 deleteripns olush concentiations. A
furtheefubyticiofbRBR o JRRYE 830 melRid 2 BT b /

Data carrying el guﬁgﬂrl}et?%Sw canﬁg% prow%g%lr*\%ibtl#d%‘?cdse
concentzabion asing bloodighichseméaurmbnt systens 514 aida sih%s 5€blo6d glucose

cartridt?ﬁ%éﬂrﬁo ctjqn | ot s&ggific data, such as
measpigmont § o ZMopd-glucose yalugsmensired bybiond slugese measnement system
514 daf'BR uSe PO Vekify . dat a, cont ai.ned

on data carryiljlﬁgd @%ﬁ&aﬁgﬁgﬁg‘ﬁ%ggg%hggé&gc%ng@ 516" Remote
contrelgx rogdule 16 carhalso bt ennfigeded to provide foheset SfeciictaBs@.glaivent tags,
stat rfﬁgﬁed framthe | ocal controller nodule 14.

°R and medical dagg) topeentessd andparseds ryi ng el ement 518,

can be communicated to the local controller nodule 14

via second RF |link 504 and can be used in data

[0093nal ysi Remete controilir modiled 6liocaifigarsatas alpoaableReitla8d idteommunicate
m[}%%‘?% Tﬁe wd I ectronic controll er 502 of renpte
wI froker 14 (Ees-i 19 recebiing glueqsq measuramentdats fromtlocal
t ' rifhns. e . .
contrBiler odulé $4), Refichs (ol B hodife 16 ABirbtrt Brovifi curer wigh a sionple
and comemhiianit platfone &or rhaita ose inBniforinglre MO datdieYs Q¥6ting, displayi
| evel s. pAs0 therre [ gfngggi me di fferegnce ("Iaé’é(eté::’ne") g, displaying

and procesing, ol glucnse mopitoringredaied daipnad cambe vsedito fink turtel therapy (i.e.,

. f oot . ndi.ng change .of gl ucose .

sl R, PO bREORREGTAPAAD6PORIAE 18 Eof T S guberine,

storing apdprodessifg] Of ISFeSucdss@ita fi5d 1B diSplal OFBel 16dd AREIsBVARE Talculated
formed on the stored neasurenent data to take into

from E‘g'?[;s‘aﬁ?“@é@r Byjacorpptipgsuchdurgtions i remotei opgtrofeti modive 16, rather

o S5 121 B B o

reduccd. Howeeareif desired] the rériibte @bhtesifee nlo@uR! fundtfons Béscribed above can be
r.edi ctive al gorithm 510 E{yed' cts | ow glucose levels, a

alternatiyely pesformed by the Incalnonuplicy peprinlepCT| US2004/ 018144
rai sed and alarm 512 activated to warn the user of a
predi cted physiol ogi cal event such as hypoglycenia or
[0094]i sk oflnoedento fisilitité b measudeiet O HetlodWplh&RE fevekin d KiFod sample

in t art, the alarm512 nmay be conprised of any

(BS), PEOSE meAsHremeRt SysiemA § 14115 Rrovided as anvintegedl pant of the remote
contryile?’ i ' ' r r . directly or .

9010 M DR 1§l et withs
blowm stzip, 51650 thich 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. '



will wake up a sl eeping user encountering a
hypogl ycem c event. ["A99] The difference between an

wbInogiwease val ue (concentration) at any givepe.r 5@%181“
intinme and a bl ood glucose val ue (concentrati onélTJlg

he sa rmrrent ntimeis referred to as the 1SF
l"“”i;l uco tsplien medule: 16 ean eptignplly ineerperatepammunication port,

o b OVEN ), 37y o

knowh §n the lat} fo emnplb Can{RSD321(IEERtaidak @ and la G 6étsdl Seflall Buss Such
bet ween the bl ood and interstices of a user's skin

oommuay@non partsccambe meadily adom@ﬂjfoc expertingigfored datal taap gxtemal data

manalf el PR KB Sobiles WbgRlE Rl eorBbmBa dbafirmpitéhly emory

pomohgnémo%ﬁsm S)3vENA mﬁxd@amﬂame ﬂ(aéteﬁeﬁ:eqppomm ithdit &80 be

l ucose | ag due to physiol ogical sources
ngrwgm mumqmgas’ong AﬂP‘EB@@rOé such amemery wrum is to facilitate

updatt e b2 aling len st ibes Satvare clgtasirt of e Tpple cPRrfes Saodule
mc&ﬁﬂﬁﬂi&%ohhﬁbu%ﬁ‘ﬁk%ﬂﬁnﬁhﬁﬁbﬁ@oﬁ.‘ ng(s) according to the

present invention (as described in detail below apply
and rel ease pressure |n this manner. Another approach

f’giff?fﬁ?ntriﬂ&g contteEmodelo 46 A ot m?f\@g@cltr%mcanonslot (oot

howi)rfojn‘eeé |aQﬁﬂa Mgfg]%010 tﬁaeﬁﬁﬂsﬁﬁﬁ%nymg

I"SF gl uco concenfrations Predictive
element Hif canlhm@!@wmin datpearyirgglémenttkaken it thegety suchlas Aa0SIM” data

Pre](éllc t ed bIkP% ‘Ucose z f(ISFl k, rates, ma" ratent,

FbiP-" i s an i nt eger of val ue
between 0 and 3; |, n, and m are i ntegers of val ue
between 1 and 3; k and p are integers of value 1 or 2;
[0097] SF; | Data caryingreleomdnbb18) ban:hﬂsmovﬂhdjmwatdjsﬁohablscdmiﬂgb A2 and can

ol £l T o B S o
ide TR bl 20RMAOTO T RET RRAMARIRAA ot
rat IS the rate of C et ween ad] acent val u
mrrymgh]emehesmjndcsnclpﬂati can beraﬁployeMg thmmmretauad pﬁthe liSF plutose data
o calculate the rate, |

I d
roceivgg FBbHhe dopel SORTOUPLIBOGIF 4 Aligmatizely,the diga oh %@,a celams element

518 o SoNSEIET R A o nt BRI LV ik 3

used imndata andblysss petfernmsahbiyrthe bocel amptolatmodudd ken adj acent
averages of groupings of |SF values, with the
subscripts (n) and (m referring to (n) the nunber of

[0098) S Vale Sedond leltdfbhit Bontroller 502 of remote controller module 16 is

configured to interpret data, as well as to perform various algorithms. One particular algorithm
is predictive algorithm 510 for predicting near future (within 0.5-1 hour) glucose levels. As
there is a time difference (“lag time™) between changes of glucose concentration in the blood of
the user and the corresponding change of glucose concentration in the ISF of the user, predictive
algorithim 510 uses 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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the noving average and (m the tinme position of the
nmovi ng adj acent average values relative to the current

wodobermres fol lows. 100102] The general formo
predictive algorithmis a |inear conbination gg*}gﬁm‘mm“

'seal Igmad tiérrs_and possible cross terms, wth
raised and plapp 312 activgfedito wapnthewserof agprestieed physinlogieal everit wach as
regr [.on si s of. syred |.SF, val ues and
bopoplYe O TR LR 531G B8 il B S Pl A7 o8 S 512
may be cornprised of any-stiifable fs%ﬁn&t ithding 99 AL RI vRLAYr QBirXtSry signal, warning
.. algorithns suitable for wuse I'n systefirs according-to
either the user-lieestly prihe wserisrhealtiecare prayited. An audible sgrabistpreferred, as it
lLcaton No. 10/ 652, 464 ich,is hereby
Wm‘?ﬁ‘@%%‘ﬁ#‘%?"é’éﬁ YT FRePuBtEntga hypoglveamicoyeni. | | al so be
appreci ated by those skilled in the art, the outcone of

the predictive algorithmcan be used to control
(00990 cal Thicdifferenceshetwecasni ISE ghicosehedlie/@oyceptiativn) afany given

wormie il St e 8 Gt o o e
ki e O 15P Pt 1 19 (B 018130 60 Robl il g b
physiolagidal gwtumediahival sooctes. eThelplasidlabicup eaabd of 1820 ISFdMcotLis related
o et B A il s o i iy
o B Rt O e el o n o B BB B POt ISF sompe.

1-10, disposable cartridge 12 is |located within and
ntrolled | ocal. controller nodule 14. |n addition,
001" (0 FspbrtitenS g deviges,systames and methodg aecording tcthe present invention

- ' fq rn a ., .
w0t & 1St ol B O oy e abppe o
releasing prosswe toa Wee's Kldn Myecinrinrostilletingmehtiee tHaf ealantés blood flow 1o a

el ectrical co nication with the di sposable cartridge
targelizied %fflhﬁ P S nidset@ntion devines that includg pressure ring(s) according

g1 fgyer
IV . bl t | ysi s _nodul e. .25
o the A e S acTat SRy 4 DA R T By B8 fossE pERRIA i manner.
Anothir @Gppach wasbound fur ey indSF ghdodesis Idternploly 4 Afzorittinh (634., predictive
t ﬂ pl ay _40% and a pair of straps 602 for
algorﬂﬁp}é bt Présicis blood adugost epncrmiration basdunencasuied ISF glugpse
concédtraBoniSer- FIG 6 al so depicts disposable cartridge 12

prior to insertion into | ocal controller nodule 14.
1001071 FIG 7 shows a bottom view of the | ocal

umdiwnrokgﬁg nmoduyl e, 14 irior to the insertion of the
[001G}] o s Fispdictive,algarighm 519 camder examples take ithergesasal farmy 04
provided in local controller nodule 14. The di sposabl e
cartridge 12 and local controller nodule 14 are
conf i g(Predictsd blvod Ighicosec: K(I8F:'3 it€), Rajrite X @RerdetionSterms)
whe secured within the insertion cavity 704 by mechanica
™orce. In addition, the local controller nodule 14 and

i is ah Mfteglr DB 9SG bawea] b hhdge 12 are in electrical
j» 1, 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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communi cation via a set of nolded contact pads 706 that

are provided on disposable cartridge 12. These nol ded
woRbafgopads 706 are in registration with a sg

contact pins 708 provided wthin the inserti OﬁT@J’é@q@m@nmu

704 of the local controller nmodul’e 14 when the

di sposafﬂtfel&:f&na’w ofychange batwear ddjatentrISH valuse withale subvéript (i)

0Q1 8 .shows the | acal controller nodul e
“’fc‘%gg 1 Y‘EF a!é f%‘%"?}r*est% 40 Galgwipte the-tate, j.6. 4 & rate behwesn current
ISF‘t:orr‘or r?gtaf]g{rfoigprh [ s%éitétg?’%e%hﬁ .ggg’ghgné““r ]%%leus and two -
previous telativiedo theomicrent ISFivaluehatc.anmd of a user. FIG 8 al so

depi cts a renrp%‘ﬁc controller nodule 16 | ocated within
RF c~o PONINE ayFrage sate briwreeitadiacent averagaveaigroupings of

ISF vibes 1t B Spbocipes o) fnglo s R RIAE o W byt 3 Vs Biudea i

the nzoviny aiierage tand (m) the einge! pasition oif @b iBVihg AdjaddPavRiAt Values relative to
i nventjon. | SF extracti on device 900 |ncI udes a

ﬂwcﬂ@ﬂ@t ghioleWber 902, a pressure ring 904, a first
bi asi ng menber 906 (i.e., a first spring) and a second
bi asi ng menber 908 (nanely, a second spring). 1001101

[o01€2)net 1 ams)%naﬁm;h A0 predienvd él?évkitﬁﬂr it e rmeﬁwﬂbﬁlaheﬂ ofhn

a user s skin layer at a target site and f
allowed Possihle g0ss srms twittepefficients foo the tmm:da:mss tterms

W*ﬁ“ﬁﬁ%wnﬁ#@%ﬁ%@g@ ety lofs lpegse valtes o he
time btk ¢SF gifhple BRfuNiticH, 'Fiﬁth@?lﬁlﬁls @gﬁvdﬁé redi@ ve%@ﬁﬂhﬂs suitable for

remai n |nthe user's skin ayer re than one
use ip sysems acgerding to therpresentigMentioncws included in USoRatemuspyplication No.

d of th t
1076 GG Skl By oDk i 1 ¢ Ecogni ze tha

the penetration nmenber can reside in the user's skin
| ayer for an extended period of tinme of 8 hours or

lm%r e 2%s will alspby apprariatedigynhosokilldoia Sedatt, [iE0ntddme of the
i f | |
i, b e 5 B il e fors 3 o u?& p%mps A
diﬁmgﬁ‘bf lafpatﬁldté}%ﬁ%ﬂ BY 8éterdhinb Phaskd of' il

to t he user skin |l ayer surrounding the téﬁl et srte
volumgp, of @Mn@omﬁdmtmbp@dmnm 19 & usez ot Aparticular pdmt inginse. S
skin layer in order to (i) facilitate the extraction
of ISF fromthe user's skin layer and (ii) control the

[00164] 0w OfTHe Fonibiiatioh b5 109kl @ﬁhbﬂ&tﬂlmléﬂﬂfﬁfd&mg@gﬁw cavrﬁ?dﬁe 12 can be

exanpl e, an anal ysis nodul e as descri bed

configpred smb%wpm@ tb@akm@f B st in erdeatot simphifysampling ampmonitering of ISF

ext g‘ihagf sur, pressure to the user's
skin ayep&g Sane] 2 tPﬁg &get site. Since pressure
ring 904 can be osci I | ated between a depl oyed state

and a retracted state, the time that any given portion
[00105 Rf Hlelsargt@n cnﬂmdmm of Fiiss 1116, disposhile cartndge 12 is

a
0 reclg\!l/‘g(r&%é@%r e%%cr%[é’ 'glgﬂg“lﬁﬁg‘reﬁj?f@gﬂ lg cr‘]’nllb ination 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.



[00112) Pressure ring 904 typically has, for exanple,
an outside dianeter in the range of 0.08 inches to
wO- 2064 joehes and a wall thickness (depicted aspdj '
"A" in FIG 9) in the range of 0.02 inches tgg%%aklaﬁlﬂ
inches. [00113) Penetration nenber 902 can be
[00106inf | guRefgrring tard¥@. 6, hetabeomietied modile b4 eabudes a firitMEtafidplay 406

or .fixed w respect to pressure ring 904. In the
and feit 0f i 7 o R ot e vl comselicr usale 14 i the o user:
FIG. i i ' . e nber.,, 902
AP URIRINL i nideg 1 Dtr WAGHHOTS el RGP thodue 1.
frictional forces between portions of a target site

. 0., ' f a target site) and penetration nenber
too1¢f, % anﬂé‘ J sherus 3 btiam gieyneight losalcontrallersmadic 34 prnp the
. i ' . ation nenb 902 .t o, r emai n
mcr8 b e B LS B D4 7510 58] oot
modyle 41 Tht disposableleaitridigVi2 hdaban Bomidiier baulk als fa?&édxﬁi%&h such that

. the pressure ring. In this regard, a benefit of I ng

disposale Gartridge 12iivsechiedmathin theduseriionicavidy @4 by mochanical force. In

.nre ' i ' jy Ci of design. . [00114], Fir st
st R 5265 bR PSP L St e Bhmoffo0d Hhrigh 0 3iip icn
comBEicAiPaIvE4 sdt bEmolfed Coftadtialls TG0/ @Bt 4k F?ovidehgmrﬂiéiﬁ%able cartridge
ressure ring 904 into a deployed state) and to retract
12. ﬁafé%w}d@d cpRipg padsu7063ue bnugsistraitimyith h setmficostad piss 708 provided

withifi S8 @6y /4 BE fhe o B REpdile J% hen thr aoseple garridge i
inserfed @dtd ddsertiva cavinsu. e (force) applied against a user's

skin layer by the pressure ring(s) can be, for
exanple, in the range of fromabout 1 to 150 pounds per

' PS| | cul ated 7.0, 20041107977 ..
10016811 < B8 shdilthe fpSonBofict Pl 1 Sheramssriion eldbe, digposable
cartridge 12 BtERal cobtrélit Sndd8 A hndatREIRRSH bE fwgﬁﬂﬂfﬁ{g BRite disposable

50 PSI. has been determned to be benetici
cartridgasgndddpcal sopsraller modute sutecthe rrn bSFuser oRIGWE dlso depicts a remote

contrOfich tildbld 6 It %%’%Wp&ﬁ ior g ot the, Besl controller module 14,
partially housed in a recess of the oscillating

&essure ring 904, the depth of the recess determning
(00109 c e HIGuPs aerasstsectionshside piew offantitterspitialcfluid (ESFhextraction device

hou pot explicitly.sho [ G 9, )
900 SFFH8G 1 BF exePhelgty SEp iticab S Biesral B ofSErtacton device 900
includdsgseréteation eenfids 902 fRessiR RS 908! Afitsy Biabifile Htinber 906 gigef a first
. and applied to a user's skin [fayer independent of ea

spring) apd;a segupd biasingDnernbey 908 énasfely, Srsecontdrspeingon devi ce 900,

the oscillating pressure ring 904 can be deployed for

stabilizing the user's skin layer and to isolate and
[00128] 5 S UPeReation 2&inftr 902 {sh@nkigie@ i & ok

provide a net positive Lgr essure tog%?%ﬁaot@g%ﬁ%v&ogfﬁnsﬂ!ymam
targek sife 3ud for b yabseguientextraction of ISF therefrom. Penetration member 902 is also

configured to remain in (reside in) the user’s skin layer during the extraction of ISF therefrom.

Penetration member 902 can, for example, 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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menber 902. [00118] If desired, |ISF extraction device

900 can contain a penetration depth control el enent
woOnedyeheywn) for Iimting and controlling the g‘?,m]

needl e penetration during |ancing. Exanples o S2oBors1as

suitabl e penetration depth control elenents and their

(00113} e or Eressuye ring 884 isrconfigured maessiltatepntiviensa deployeid state and a

/ 690, 83, whi ch .] by fully i t ed herej ,
retracfi oa1c e T 000F15 R e debloved MR BEeR ProRSie 10 the wser’s
skin 18RY srfouddihg the farget 5iB, Whilk the enbERfon! im Bt ¢ RS1dirR In the user’s skin

devi ce 900 is placed against a user's skin |ayer with
layer imragderrte €13 facilitate the MWE@WFM thieiuser{ ssskén layércand (ii) control the

fiow IR RurBogtIsT.exheiop vl D00 1. for yathpipnn ampbisREpdule o escribed
above WBEH e &dre Bngdo04 ik &5 RibaciRY staftCit Q@ﬂi&;{ﬂ%ﬁﬁmaﬁg reSsure of 00

902. An 1SF sanple is subsequentl
pressuge toythewisér! sskirhlaygrenzrowatingthe naptaite OPihce pressuns ring POd tan be

or artially wi.thin the skin 00120] The flow rate, of
M‘%‘ﬁ%“?@ﬁe% Wegstaly F&e@e@“&@: &‘ﬁit‘]l‘%{pﬂﬁnb’ &VEnipoBip of a

> . 1 !i“) = } -
user In tlﬁg&?sange g? 3 sgcondﬁgﬁtﬁgn ﬁ%"ﬁ”&,i p?@%gﬁéreﬂ??%sc%nhm
to recO@t and redocing phinant bikntishesl | ow t he skin to recover for a

peri od of about 3 seconds to 3 hours. Pressure ring
904 can then be re-deployed for a period in the range

abo S s r
t00113) °°reschrd 63890 pRal M, 1 Bl 2 0RSE WA WY e of
0.08 inckts t€0.56 dichegandc Wi tHidkheds(depidtedPed dinfsnsiod /AT 84 FIG. 9) in the

pressure ring 904 proceeds until |ISF extraction is
range of 9 02 1pches 0. 04inehefepl oynent and retraction cycles are
preferably asymmetric in that different periods of tine
are used for each cycle. [001211 As described herein,
[00113]) es s uPendtiatigh sjernber 902 caprtrscdufigured ROMECAindépentiéntlyDf pressure
i n enbodi nents .of the present invention can

|
ring 9§én%é %Sf!dam respediiiq prgatuge fing 304. Indbp eleoumstancethatpenstration member
902 i 6k it ko RrOSRIcEk a0¥, PGB D i e it

pressufe ¢ingi90¢. Howeve| frietibtial foroks sdtween gotiorsafaltfrgetssite (e.g., skin of a
extracted or. within which an analtgsi s nodule is at

target;sitg).and pepetratiop member 802 ean proyidg dor the tirged sitkto agsmep|[tent”

r. I . » o . .
conRth ot Ak SAS B A1) iR A AR S i
the pdpetrationxaembe m@imsalongewithnhye @ftdctivh of ks préssaferinge Thekis ecpard, a

é{)inqregﬁe perfusion. Such, heating can be .
benefy of dgnetratipn membor 8xedyith 2espreido e Repsseie ring is simplicity of
desigh " ' ent through a resistive material enbedded in

pressure ring 904 or by circulating a heated fluid

through a cavity within pressure ring 904. Suitable

lgierri cal.- based neans far increasing perfusion (and thus
00114 o o iinstbipstng efemepiH06|is gonhigured to Yege pressure,rg 04 agaimgt the

user’ S8 Lag@{/ qng:,” tﬁ;?élill&gif?és%ﬁ'xle M ihd aHepidyEd State) BPloFBIAE bressure

Int
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 (PS], calculated as

27



site fromwhich an I SF sanple is extracted or within
which an analysis nodule is at least partially

wombaaved. Furthernore, an ultrasound transduget RansHis1as
device configured for increasing perfusion can be

incorporated into pressure ring 904 and/or electrical
force; per ernss-sertional prefsviesingeos)i futhesdegad, 4 pressagsoftupproximately S0 PSI

f e i rated | nto pressure ring 904.
has RER BHBACE & be Menk RGBT RS loReowbing Aghmnats i tlow while

mﬁﬁfﬁgﬁg&?@mﬂg‘mrespectivel y, of an ISF extraction
device 9 accordi ng to anot her exenplary enbodi nent of

the present invention. ISF extraction device 950
| ude epet.rat | er 952 and a plurality of
[wlggﬁcentﬁ@% HS‘@‘JEE FEBEHFation membes 992 is pastigiyhoused in a
recessof

éﬁﬁ,% I lyudes. a
pl uraI [ ty of " tirst birasing e‘ﬁ mnt@@%%%d%%gg%'&emm
penefration dapthof umlaemnenmmembe:r@sz Kehdugh A63plitily Rh6v¥n mFIG 9, the

penels§3Benb 07 o platogercre mmmq‘;@va' relaive 1o one
mt%%ﬁ&ﬁﬁ]iea%mgékﬁﬁgyémg (ftfea@ﬁ n_depth control

el ement’ 960 esire on Sth control
el ement 960 can be int egrat ed vvrth pressure ring 954C
enetration depth control and

for n i nt at
.[.mi)ﬁes sur g% lomdeviae T ﬂt@g)serﬁem:]g @essure ring 904 can be
depl ‘?ﬁ"ﬁé’?%’%%%&% R By A00 1 BB e e e e

area hmdshps tofhowde anedposiive ?fﬁskuré besromions A6 dFRSIEthrdighpeniiation
SOO% 107977 PCT/ U82004 018144 enpl oyi ng | SF extraction

me 950 in a sanpling nodule of a systemfor
extracting bodily fluid as described above and pl aci ng

the system agai nst the user's skin layer. [001241

[001B8)es s urlé desired, I35 4AtractiohldRick DB ard@mitdis h pbAliratiS Ueth control
skin layer by biasing el enent 956A, thereby creating a

elemﬁrth(gfé shown)ef limitingsandicontrollipg thetdepth afinedle pbméquem tyng lancing.

ration
Exau%@% rﬁ{%ﬁﬁ{iﬂé %erngtsrzsxtlljorrgr?e:ﬂﬂf %ﬂﬂmﬁ% tg g ngu(qse gre,nrﬁascrﬁ)ed inUS.
Paterd e\pipligatibh No. [10/696 088, whio® isHefdByFilly Rcepothia Reréid by 2éference.
can be maintained in a retracted posi tion by biasing

el ements 956B and 956C, respectlvel y. [001251 | SF can

o0 lﬁ s rlaﬁ{&%g%e?ratr on é’ftc%r d?lfé"gt g‘ig""fﬂ’tcg\laﬁﬁ&aé&%am‘m

dev:qeal()()lmplhged\ugmbstm UsBes sk layer with the @rue54 &tgm BB the3kin (see,

secqonds _to 3 hours, the pressure ring 9 can be
for example, HIG8) Ths|pressnre mag 994 is wg&agamsastersk:m ormwbulge The

bules Rhch pep Rt s el 7 B aEln ter o GREREF s

subsqquemlgwxmctuh frofiBbaigs while PP sLicNON@RBerOOR TR EMSE Botslly or

ser’ s skin layer. Wile pressure ring 954B is in
P“m ew'iif‘“‘ the skife )| oyed), pressure ring 954A and pressure

ring 954C can be maintained in a retracted position by
. bi asi ng el ements 956A and 956C, respectively. After a
[00120] The flow rate of the ISF sample being 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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time period of about 3 seconds to 3 hours, pressure
ring 954B can be retracted for a tinme period in the

wbhasao®f773 seconds to 3 hours, followed by thgerusioesnns:
depl oynment of pressure ring 954C. Pressure ring 884084 “

mai ntai ns pressure on the user's skin layer for a tine )
pressigg ring §04 procerds upHbkSFextractionds diseentinged eploymeni and retraction

cycled SEBroR Styifnt il ol e bt B i O Proath oyt

(i.e., deployed), pressure ring 954A and pressure ring
954B can be_maintained in a retracted position by
[00128] 4si ndsdeunibad bereme presside SaEE) (eige PrssutevingP04 DEIFEG. 9) employed
. | bet d t d ret ti f
m 80 o e S Y e LR G oo
K isWypotBesiZedCivithout e mgVHRd! thASuc ﬁﬂh’gﬁﬁ&l R8sl B ihcreased

shown in FIG 9, the deploynment and retraction cycles
perfugion inthe viaginity of a site frosuwhich am S Esanplé iseatragiéd 61 @ithinkehich an

aualy§{ o i Teakl Garir B impuied T aésisbe Jhos SO RS o ofingapasing
perfusitf, lahé thuks am'ﬁgﬁﬁmgusmgr Iéaﬂké&n&b‘;ﬁéagm@ﬁmhrﬁéss@e@lgg | by

of pressure fings in F extraction devices a I ng

example, pressursrringid of KG9 carbedwatel do therriasspaifuisionaBpch hesing can be
cconfiisper] e sRoele, By RSige ah eletis Seo et S Yssittive Sraterial erbedded

a
" 954Cﬁiii?:s appl iykel? be?g%glﬁgﬂgﬁipgﬁl?iﬁ% S%ﬁk%t@ﬁ??ﬁgwmgm

Suitable chemibalrbasedomenrns Jeninereasingperfusidndantbthus demeasing ISF glucose lag)
. i pul taneously. .For. exanpl e, thg 30 Q04/ 10797
docir examels, the Aiplirstion, oXiphicelvag BIAPOTS -6 Teglaming) iy the yicinity of a
site 6 RIER aP ISP alpld s Bt RGP Sr hih WSk o dilySRIRRHE i oPIGR
unction as a sing

that the pressdre rings e pressure
partially imgplantedl.OBdrthétméme; at hidrasound diansdute rshasedhdévicerdoGfigurkd for

. and 11, the pressure applied against the user's skin_,
mm,wgfawré@% 1gCOTpaRAlsd IRIOPGSSIE Foe FOf ape/or elgctrGy) ffguli-based
. r - -
devncf)r essure fr&; %&g&%ﬁlﬁ‘ﬁ%&%% E‘?}cgﬂ;solgiitwgg& P %@%ﬂﬁéeﬁgg?m.
wi Il recognize that enbodi nents according to the

023 57 PG 17 T o Soctiphalind arepctiys s, Gaprively, of an ISF
" extra®ib @ebite 950 i&Bﬁﬁncg% ﬁgﬁl@f’&&%ﬂ% ¥m§?bigﬁ)nt gl”ﬁlie gﬁzsent invention. ISF
essure ., a

operation or a constant pr or exanp
extragiios slgvice 950 in2lideoa Béhepratiomimember 95Q eat e-pluralily of woncegtrically

RSP T PSR Y,
plurality'of Bt b1 eleffenl SFAUOS6E IR HCY R h@%&é féh@'ﬁr@s@ﬁﬁ(}ingg, 954A,

pounds wthin a f m nute extraction [ 001291
954B ind 966, gespectively; hows8 4nd a@bnsBa aisat” sOki(lagemna baroad biasing element

o BB R ASEASIOTBL8 9 e Sl ol b .
desirdd) piR EratidrSSIPALEdndid] Yiemedt 50@h be il k108 %ﬁth%fres%ﬁférhngoﬁgg to form

pressure ring can be, for exanple, n the range of
an integraed péndiratibe depth control and pressure ring element.

[00123) During use, ISF extraction device 950 is positioned such 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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[00129] An inner-nost pressure ring of extraction
devi ces according to an alternative enbodinent of the

Wiy ®81ie7nvention can, if desired, be a flat rj
FIG 140 for the purpose of keeping the need?g?ﬁ]ﬁsﬁﬁﬁwl“

user's skin |ayer while applying negligible pressure to
emplaying IF satiactiondigricg 95 int heampling mddula of ¥sysieaior extracting bodily
. £ross-sectional .side view of a portion of an
fruidas RSt abyverng plecing the Sysizm pgaiast tie iew s dlan by
-according to an alternative exenplary enbodi nent of the
present invention. |ISF extraction device 970 incl udes

[00124henet Rressure ringrfiSdA i9T2n uegedragainst the e sRiflaye? by biding element
956%%5%?5”6 “ngat%g" a first biasing menber 976 (i.&é., a

| (PEFOLTFRRg)a Bulge ipithevsey's skia lasrer it will subsequentin batwiced (i.e.,

netafedy | AgI AEEBS 953 7 ki a s nd.spring) .far

penes, asf ﬂyg} t Ee gl at presgssg'r W?%S%d&%%‘%ﬁ? G, delﬁoyed),
pressurt 6ng 2548 anbyressoring 993€ dahdk ndiMaEdE & 4 ki@ceH ?)ﬁﬂsﬁjﬁy biasing
; thetgggﬁghi%e., the. penetration nenber 972) and
clemepis > Cli¥elY: i ci ent size to just allow the

needl e to pass through. The flat pressure ring

preferably has a dianmeter of 0.02 to 0.56 inches. 31 WD

[00125]04 1 1 OIS¥7cn BE Tk tlfRRDEH:A 1eldAod RPhad In dsePl Bﬁh@%c?(vhgé the
| east ong?rpr essure ring 1 n extracti on devi ces ccordi ng

penefratiqryemper e fesidasjetptly orpastialiy wiskindhewsete skioflayer. After about 3
o : hifiekaanad : .
B8 o, Bl kdsur o o5t s . et 10 B PR e skin layer to
recover forgetime périod in thedugeof dbolt Diee6E0 3aburd NfRer retracting the pressure

) raction of the pressure ring(s), pressure ont
nng 'PEeSSWE Aing S4B can be depleneddo apply prdssire on thesusboslykin layer. While

st LR B Sk S Rk it o
. gg%’i{?: iall dﬂ?@gﬁﬁ ibg ‘t?gdaﬁxlg%l the t ar%q(;}rnzgistﬂe@’ ?‘%?L éﬁeiy? Aficr a
time ‘Pf_eﬁbp wrondsdo él‘h99§upfé_sﬂﬂrmglég§‘54$caﬂ’b6ﬁretr?cted for a time period
in the, BREE BF 5 4Bils 25 Hos, 8RR vt dertiivnsne of piessus ag 954C.
Presqufi0A@P9548mbintiindynesivetonahe bl s QM 18R if%al?:ﬁg ?gxl‘?ﬁ in the range of 3

l%cordi ng to the present invention i's ation
seconis 1 } dops aud is then retrgeted for/a tines perind initharangeied 3 sdeonds to 3 hours.

. ' . .ecayver hus reduc a user's |
WhiSpRSSUE fink OE Min e (i1 2B tsbs iRt i 41 End ressure ring 954
can telneaintained in 4 RAAASY pdti GO EPiasify Ereﬁﬁh!s@ﬁsﬁ%u%ﬁBV‘feE&fcﬁvely. This

0C%IFural ity of pressure rla&gs (e.g., the enbodi meht 0

procgss pEcycling hetwean deployment andwstragtiantof presserasings 85447 BBLand 954C
i frkcti to faci.litagte. | SF collectio

m]%i | e tEe o{ Eer progl?%?é&%r ﬁ%sw}gﬁg’e&@ﬁ%f’ﬁ?gﬁﬁ%‘ﬁ 29, the

deplayephbymeitenadion ey¢lecingbe fiuhiphsSpreSutd'Bhg b ARmRHE of 168510 and 11
ofviéﬂe user's skin | ayer are under pressure at any

are pycferahly asymmetrg I thatibiFreat pasiods pi time resresed for cdch byoled
pressure ring(s) and oscillated pressure ring(s)

further aids in reducing a user's pain/disconfort.

[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 ot 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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[00134] Still another benefit of |SF extraction devices

according to the present enbodinent is that the
wpnResEiere7r i ng(s) can be used to control the cppgigkhddiis

under which a glucose neasurenent of an extractﬂgg Ig@ 144

anple is conducted. For exanple, an electrochen cal
emb‘éPﬁ%a shovanini0s; 10 andr I Gen dgplay all shree preswire ringsfsimnlanegpsly such
thattﬁ?ﬁ%s‘ﬁmfﬁﬂﬁgﬂjﬁén% . Qse sensor is constant

or static. e p%@gét&‘r“@ﬂﬁ‘%& S ’%’%r I SF extraction

devi ces according to the present invention can provide

a controlled flow of the extracted | SF sanple. For

[00127) arp| For therembodiment shown indFlGs cHlandel 1; thegressursappliedagainst the

user'd skin BA0R: SkdoBle vl Bpt BuE L S s houpitt ncr3a5E saskdED) for cach
of the plulalityCsTpEesSine SingOParilieRfiofd] St W@m RBognize that

neasurenent is conplete, one or nore of the preseure
argording to dbicpresent ihventionotaniempdoyl (BEssumxings thit providea

om0 o R S 1) g i
e ogi scl osure, @%ﬁg}eﬁ%}l@’%ﬁasn t hgog'? 0 :Rné Wsﬁgﬁ%@ﬁfeg@swg
operation. Optienadly; the prtesire esfosceomn de rvgriedwithin gy ibetwaseh pressure application

i nyention can be enployed jn._a variety of systens, .
cycles. £qi cxpmple. B preseite Farpbe vaned Srora 030 pgunds;wighia a 1 minute extraction
cleextraction of a bodily fluid sanple and nonitoring of

an anal yte therein, as described above. For exanple,
the | SF extraction devices can be enployed in a sanple

dul f h syst . 13 Ref ' to FIG 13,
1001075 ThepEFSFe et 4470 540 aBfl PS4 PO DB 6 agppls i chameters
of in fetknb‘?%ﬂglé of BB 16 0360 Inchey, 91 RUEPilhe%n . ogigmgﬁ%%ea?cﬁ:gvely.

ment of the present invention inclu
The veall thigkness of cach pressurt: iring carebeé, der exampds in fhe rdpeiof 002ap 0.04 inches.
1010. The 1SF fluid extraction device that is provided
i ncludes a penetration nenber and at | east one pressure

[00129) "Y ( AsChnnerfmost b_if;%ké@rg% DF BktEachibh aﬁggstagenga%gwsﬁ%éme

pressure rings). engétration ne essure
embodmmgl@ of the @mgmti)pmnﬁbn ain, iidesized) be @ flanting (see F1G.€140i fogthe purpose
as scri pe ove, Wih respect to |ISF extraction
of keepmg @@?ﬁﬁﬁ@%%s ayelwhile applying neeligiblepressyisiie kegp blood
fowi W J . . e t . Or 3 " .
owbBIGE eI, BSNAGH L bctibad Dt oot i nua
(ISF)extraction ylevite 970 ancgrlingstotan afterngtive éxzagphary einbodieienbbf the present

imvenyigg. 4 exfaifon deyics 970 inchies a e Broton mEABIRE A7 regmure ring 974, 2
flat pR34iRE Ang 579,92 8 RaidAREROIr- 976 Be. LS BRF kﬂrﬁlgg St bidsilb IEF pressure ring

contacted to the user's skin lfayer usi'ng~any suita
974 apd o lseond binsingmhexabien §78 (riamely easeping, spting)dfor biasing itizcftht pressure
above with respect to enbodi nents of systens and
TDE- devi ces according to the present invention. [00138]
The target site of the user's skin layer is then
penetrated by penetration nenber,
[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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as set forth in step 1030. Next, ISF is extracted from
the user's skin layer by the penetrati on nenber while
Wi %6£146€71 S applied to the user's skin |ayer

oscillating manner that mtigates an |SF | agbg;ﬁ?ﬁmmslu
extracted | SF, as set forth in step 1040. The vari ous
001334 C| | | alnichglomﬁ ptleast ong/presme:nngmesmacmn devigep hco@eding © the

prescfiEinlitn B ity b SeoBB; B, peiatiog the prepoes Gomls) between a
deploWﬁ&bﬁM@ﬁa@W lg)%ﬁigﬁt\é fi.d. oreﬂééez @égosg ?ég{g@snallch’amon of

aspects of vari ous I ments o
thepmmmm S pressireIon ttnwtré;qjmmhgmsrﬂmeulaﬁaﬂmi&emhdyreactsby

200 079 PCT/ US2004/ 018144 [00140] Exanple 1: I npact
%ﬁmfﬁs it tee Thisphepomenands knewn asreaetiverhyperemia

@ﬂrpoﬁfoﬁﬁed"ﬁt 'arhﬂ:éiﬁnﬂﬁ: -
and Laser Dopp':)edre I mage per u‘léiﬁgw%a{g b@ﬁ&;&éﬁl rpﬂg@%%gil'ﬁﬂe target site
by oscillation efgbe pressurnd mlg(a) Such @ epleni3hiAbntsifUSF Be P@ﬁi itffafihg the lag
betwh § %?‘%OXI rrg%d(e) centered In the inside of a pressure
tw‘feflﬁ% RS- ARdW. loog gluoose Yalyesar m  The pressure
ring had an outsi de d| aneter of 0.53 inches and a wal |

t hi ckness of 0.03 inches. Baseline data were coll ected

(001331 i or tmmbmﬁtg;fﬂmemaeﬁam devitdshgeordigitd fe pré@nt invention is
sy Ject skin layer. The pressure ring was depl oyed

that fﬂlprepw fl“%ﬂﬁ@raﬂp% thegkimynder the pmsmre aing(s) tongoover, thus
Shiibh SFbrSS for 30
m na&?gg, an ﬁh‘ﬁ al%cy 7 t181r1§ ‘H&‘ﬁﬁes{ng 2 er or

retracti on was repeated The pressure ring mas
subsequently depl oyed against the skin layer for 5
100133} s, Marpaves exiypetionisyices with afpilurality\of peasbury sdgwises. nbe

' f
it il S Y S B TR AE R A ol
deployédQo ficlitaleISE43llcofion Gdlille ke StBE D rbs@ufahﬂngg %ﬂ%cﬂﬁte’altﬁwm

12, deplo nent of the pressure ring reduced bl ood

deplo w‘é preniciseas of fheruser’ pskin dayeraniunder pressure at

any app Icat on%ess %%eﬁﬁggﬁ’g%‘% aﬁ“\.“t&qﬁ%s)%és?‘f“ﬁ’é“

pressutt eing(sp furthefaidein rewiives usek’8 paitidistonifh®. pressure ring
(i.e., releasing the pressure). not only reversed this

effect, but actually increased perfusion beyond the

ousy =, S5 et o SF bl o 5 Bl G

embotiimeke isahatitheprefiard fifd{Olcat be R chhindy tBcondktidik W8 @G Which a
val ues during use of an oscillating pressure ring

glucoge-mepsyrement of ancxigartad [SEsamnle iscoonductéd. tFas expmpleecan electrochemical

proéﬂgure re ik AR &*ﬁ%ﬁe‘%ﬁ%gﬂ‘“’lﬁ@g’%ﬁ Hfeh Q&ﬁ?‘é,‘m sensor is

conStRt 0 StAkE] mmgwn@(u) ot 1815 attrdefbh HOEesAbcdridg I BeGrésehit

f.orearmnms. The
invention can provide a controlled flow of the extracted ISF sample. For example, retraction of

the pressure ring(s) can stop ISF sample flow for a time period of 0.1 seconds to 60 minutes to
allow a 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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subjects then participated in a test, in which finger
bl ood sanples, control 1SF sanples and treated |ISF

woa/agemere collected at 15 mnute interval S pPYRIs2604/018
period of 3 to 6 hours. Control 1SF sanples were 144

[omggi/ai ned fromfhe subject's forearns W thout any skin

er rr&’?F?)ﬁﬂ’B.{PP ff the gresentadisclosuregpnesskilirdn theearewill recognize that

ISF &Rt ' ' he .subj.ect's skin |ayer with
ORtaBiGH Hevites ReEBite B b Prd Ot BV ket od mBlop ) a ety of

systenessincludingcbiitedt liflted b, §ystaRs®r m&hﬁéﬂdﬁ%ﬁ%aﬁ% fluid sample and

.ngestion of a mcrowave neal and di abetes nedi cat

monjt : K¢, pgidescabedabove| Fareamples theHSFieh@tiction devices
P0SHh | 8Gt Lenced rise and fall in blood

e IOV i ' SO SE%hof ststisn 004 016144 [001441
The treated | SF sanples were created by applying

Sﬁfroxi mat el y 150 pounds per square inch of pressure
0013k h o Befexringrte FGnL3, wimdthorbl 008rfot cantintous Ml ARATAR ISF sample

f 5 i nute waitjn erjod to allow bl ood
fou| seE ¥R e g ordfe bl il et iovention intodes
o g i R 1, MDA A cxvcion
d"’“‘@dﬁ%@i'ﬁl’?‘i’g‘@ #chedss @poneteation meeaticeand Seasnom BrEssukdsfy (e.g., a

R R -
e e et R THEIROLE R el

extragiion ¢evises prdisysemsaacpordingfio hequresedt invertfonl SF was
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~ontrol treatment treatnment c
for example, those described above with respect to embodiments of systems and devices

according to the present invention.

[00138) The target site of the user’s skin layer is then penetrated by penctration member,
as set forth in step 1030. Next, ISF is extracted from the user’s skin layer by the penetration
member while pressure is applied to the user’s skin layer in an oscillating manner that mitigates
an ISF lag of the extracted ISF, as set forth in step 1040, The various oscillating manners, by
which pressure is applied, in methods according to the present invention have been described
above with respect to FIGs. 1-12.

[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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treatment area area to control SF SF overall bjectcan
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50. 2117. 3. 342-527 2168. 4223. 53. 2712-214
[001%0_]495_ JExample 31 Jmpact of an oscillating pressure ring on blood perfusion in an

area within the oscillating pressure ring

[00141) Laser Doppler image perfusion data were collected at semi-regular intervals from
a 0.25 square centimeter area approximately centered in the inside of a pressure ring attached to
a subject’s forearm. The pressure ring had an outside diameter of 0.53 inches and a wall
thickness of 0.03 inches. Baseline data were collected prior to deploying the pressure ring
against the subject’s skin layer. The pressure ring was deployed against the skin layer for 10
minutes with a spring force of 0.5 Ibs, retracted from the skin layer for 30 minutes, and then this
cycle of deployment and retraction was repeated. The pressure ring was subsequently deployed
against the skin layer for 5 hours, raised for 1 hour, and finally deployed against the skin for 10
minutes. The average perfusions in the 0.25 cm sq. measurement area are shown in the graph of
FIG. 12.

[00142]) As can be seen in the graph in FIG. 12, deployment of the pressure ring reduced
blood perfusion in the area enclosed by the pressure ring (i.e., blood perfusion was reduced with
the application of pressure), in comparison to the baseline blood perfusion. However, removing
the pressure ring (i.e., releasing the pressure) not only reversed this effect, but actually increased
perfusion beyond the bascline.

Example 2: Impact of an oscillating pressure ring on ISF glucose lag

[00143] A study was performed to determine the impact of blood flow on ISF glucose
valves 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 a2 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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[001453t h0dQEP GlacBR mbdshrenFRAer had€ GithadMod ke DnbPSuch® Ultra®
glucose meter and test strip system. A sample of about 1 pL of ISF was extracted from the
dermis of the subject’s skin layer by a needle and deposited automatically into a measurement
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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le Joshow that ISF iglucose lag was mitigated an average of 21.7

minutes, i.e., ﬁ'om a mean of 30.3 minutes (12.8 SD) to a 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 contro}
sampling areas.
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molsm. ch VRAS colednion of uR!two P Emvplatyids afersdin AétBodoldgyT CISF was
sinplify the format of the data, iCISF and i F were
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as5 ﬁiﬁ)dﬂaﬂﬁﬁ ﬁ?cssure 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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[ 001541 Table 2. Measurenment [G FcB i c3sF 6F [ casF
[G -nse cycl e(ng/dL) (nA) (nA) (nag/dL) (ng/dL) 110724165

Wobhhas61124101 3110428401121113 42004226441 18144
53115051008144296 63628041171234345 736990812%%@5%“%

83389161182268348 93549161275268376 1034510111109296326
113549581387281410 1234811221229330, 362
3341 22929 143101 061096325322
[001%@ 2911 g@éé g mpdslegybish was slightly different than the

°“°“%%‘%11974812283%%@‘9%1‘4'@3%@%%?%8’%‘%%4%%@36@% &R, More

specifically, the arm used for collecting TISF was the arm which was not used for collecting
CISF. In contrast to the collection of CISF, TISF was collected from the same site for each time
interval. This sampling module, which was adhered to the arm using a medical grade adhesive
ﬁm included a 25 gauge needle designed for penetrating the skin to a depth of about 2 mm,
and also had a pressure ring surrounding the needle, which was pushed towards the skin to
collect TISF. The sampling module further included a reservoir for accomulating TISF. In this
test, the reservoir was 0.5 plL 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
accommoxdate 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.

[o0153) 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]rca) 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 icsr and imsy. To
simplify the format of the data, icisr and iisr Were normalized for differences in electrode area
so that they can be directly comparable and employ the same calibration equation. In addition,
icsr and insr 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 [Glrsy.
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fact that relatively large volumes (i.e. about 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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glucdst micagiRdindnt 481 stch bt ©BHb IO UThal dliddes B ashfekicht strip. In such a
situation, a simple proportion can be calculated for estimating [G]csr using FCB which is

abbreviated as [G]asrrep. As an arbitrary time interval, measurement cycle 6 was used for
performing the one point calibration with FCB. It should be noted that measurement cycle 6
which represents a sitnation in which {G]rcp is rising with time and will be shown 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.

G
eq. 2 [Gless res =icm,x[ . Jrcas =icmx£=im_,x0_45
bexr 6 804

[00158] In eq. 2, [G]rcs 6 represents the finger capillary blood glucose concentration at the

sixth measurement cycle and icisr 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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[00161) In addition to CISF, TISF can also be analyzed for its glucose concentration using
a one point FCB calibration. For such a case, eq. 3 can be derived for predicting the glucose
concentration of TISF using FCB, which is abbreviated as [G}nsrrcp.

: [G]FCB 6 : 362 s
[00162] .3 [G = ippep X ——— —— = iy, x0.309
€q-3  [Glusr res = insr "y = bnspX 27 = e
[00163]) Similar to eq. 2, eq. 3 also used measurement cycle 6 for performing the

calibration with FCB. Table 4 shows a comparison of [Glmsrres 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 'f‘able 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.




commercialized use mainly | SF and not bl ood. Therefore,
there is a need for estimating the glucose

wOoQbsgiotg7at i on in capillary blood using a contpEpeyfioedbisids
sem -conti nuous | SF glucose sensor. 1001661 Table 5

shows a conparison of [GcnF, FMand [ G FcB for the
(00164 cc m&lﬁ) ang poipt ECHegalibuitionss. thetorytdalibration using a
TISF L,ute error is relatively large when trying to

estinate the glucose concentration in FCB using a Cl SF
measurenent calibrated with FCB. [001671 Tabl e 5.
Accuracy asse nt of a Cl SFE neasurenment using one
psfiGlamit | Absdlite| gl ucose concentration in

dr) | GeRgr Apsol ut e |

Ri=84-01022731184 St abl e505348157

[ 8] T30l e|6 shows a conparison of
G¥2B {or 18 he|three neasurenent
Fallinbes | [ @30 nF|reqweesent ¢4t hp gl ucose concentration in
a CISF sanple that was cartbrated using a TISF sanple
and a FCB sanple. An eq. 4 was devel oped to cal cul ate

[00165¢; c| SESK glucde doBcadation fiddstertents éantielussd W predictthe glucose
G FC6,6 =i _x 362 = iCUF x0.309 TL.s 1171 L

w@éﬁm&%o@a@m POYRISTRAY RrefT towese therghicess sonesmntion in FCB.

theWasi fi j T I FCB
T L T e R R = -
this ls\hstlsncﬂly%la)t %1@ I/éefjhgalgﬁc HékEver Ablafe\réportion of the continuous and

.. cycl.e rror
nmmn;}il% m\sag?ve gl[ucogcg sensors that have been commercialized or are in the process of being
commercialized use mainly ISF and not blood. Therefore, there is a need for estimating the

glucose concentration in capillary blood using a continuous or semi-continuous ISF glucose

Sensor.

[00166] Table 5 shows a comparison of [G]cisg rcg and [Glpce for the three measnrement
cycles. The data shows that the absolute error is relatively large when trying to estimate the
ghucose concentration in FCB using a CISF measurement calibrated with FCB.

[00167] Table 5. Accuracy assessment of a CISF measurement using one point FCB for
estimating the glucose concentration in FCB

Measurement | [Classre | [Glscs | Absohute
cycle (mg/dL) | (mg/dL) | Error
Rising _ 227 | 3m 84
Stable 505 348 157
Falling 380 195 | 185
[00168] Table 6 shows a comparison of [G]cisg;misr and [Glres for the three measurement

cycles. [Glomsrmsr represents the glucose concentration in a CISF sample that was calibrated

using a TISF sample and a2 FCB sample. An eq. 4 was developed to calculate [G]cisrTisy.
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Ri si ng156311155 St abl e3473481 Fal ling26119566 [00170] A
conpari son of Table 5 and 6 show that the nmeasurenent
wofo@ieeose in CISF gives a better estimate Opcrus2004/018144
capillary bl ood glucose concentration when the ISk
sensor is calibrated wth TLSF and FCB. For the case
using a TISF sanple and a FCB sanpl e, the absolute
error is |ower forkﬁhe stabl;ﬁkand “falling"
4 TEasur nt cycles nﬁable 5 n c d to the case-
u3|ng Zﬁf npl e | n'mrdhy ]916'0Wﬁ§%g§solute error
i s higher for the "ri fng measurenent cycle in Table
6. However, the overaII average error is snmaller for
the case in Table 6 which enploys sone |lag mtigation
[00168) 4 ny/Tdbleibn ACalvhey Bsessmert 42 a A8 imezsurdmebtaship.a TISF sample and a
Therefore even though C SF is cqllected and tested
FCB sgmpicfor estimating the, glurosy congspirationy | an inprovenent
i n being able to estimate capillary glucose
concentrations if the | SF sensor is calibrated with
H-Si FEB—t hows a conparison of

=l aIIU . |_UU

%h dFlrcpe reasurenment cycl es.
Thecyslet a_ ¢ dUla (mgidlhpsBirot el error is smaller for
eSig; n o%qlconcqggrati on in FCB using a
‘ 5 u J@g/d . JFC_ Tabl e 7) instead of a
cl 3 SoHpte—34—to 1u rr ~edf=—sre Table 5), both of
whFalinge  § o261y, At 049 g R | Therefore, the use of

[00178hg  miA ¢agepirison o%Taiﬂfeﬁ nmyﬁ shaye thabthelmﬂaamcmeabgf ghkcose in CISF

gives G}F ctahlrl]lgtgrg?pl R}h bl o l F%%-%?% ong@}r&t@r tiS%nCse{ﬁo& &cahbraled
wnh'ﬂsmam F?frtﬁa&heg& mﬁiﬁfﬁlehﬁfdi‘m Ri e abSdhute error is

calibration for estinating the glucose concéntration in
lowerfoBthd 3’stw1e’2@ah‘ffami9’7memm mpaies inGlablerS, When tfo@}md to the case

usmgAb ¥ t‘%@é%@llﬁ% E‘gélgi n é@géﬂ%@é rgror(rar 1@ b?glh%r %or%he rising” measurement
cycle in Table 6. However, the overall average error is smaller for the case in Table 6 which
employs some lag mitigation (74 mg/dL in Table 6 vs. 142 mg/dL in Table 5). Therefore, even
though CISF is collected and tested without lag mitigation, there is still an improvement in being
able to estimate capillary glucose concentrations if the ISF sensor is calibrated with TISF and
FCB.

[00171] Table 7 shows a comparison of [G]nsr and [G]rce 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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PCT/ US2004/ 018144 [ 001731 Al t hough di sposabl e test
strips are described in this exanple to neasure | SF

WOl 260077t he calibration concepts di scussed heggiRdloRia
apply to any sensor which neasures 1SF gl ucose
especially sem -continyous and conti nuous gl ucose

Measganets [G}mfp(f ViGks! YABsoRae| bed calibration

%ggy BsgrOf |ag mtigation prior to
s o —ﬂe-:——::e- for estimating either
Raging 1) SsB31loy faphllialy & uchbse concentrations.
Stabde ef ¢r e, 3%hcel afd8i sbd 32f | he present disclosure,
mgskill | egBg n fhegogrt|w 8% rpcogni ze that the
caltpbratton atgoritnns (equations) described in this
exanpl e can be enployed in systens according to

[00173¥bodi neltticagl tispbsable st Sieips atertésdiibed in ﬂmxaﬁipww rﬁeash&QSF
calibration algorithns can be errplnpi/ed in sanplin

gprcepisdliscassed berein a Yaloyany jsenser whi saRasures ISF

glucoge’ el iR gaﬁﬁsﬁ@sﬁ’%%g%%w 398 pregh R descrived

calibriatiymeiholdologics Shbb thit Userf 11 miﬂgaﬂd)@ﬁ%ﬂ 16 calitihteci ﬁlﬁr&w?es accuracy

mal e, 10 fenal e; nine Tﬁ/ 1, 13 Type 2; nedian

for esymating eishes CINENISK. ezsapilliyaluqose esncemrtions: 5Therefm4 oace apprised

oftheghfSen RGN i F Bl it BFEobk AL, oo bBosiden

(equagibhs) @estrided in thixrkambleah bb eaplcyed Bl SStefilacanling t@Embodlments of
fifteen mnute |nterval s (a rreasurerrent cycle) over a

Pmmvwm 05 §Esmple; the gali rithins eap bermpleyed ingampling or

snaty s s S Gl Bty E@%Eq%%%ﬁn%%“ﬁoﬁégﬁ% 8 18P MeBburement

data,deerred the ' 759 | oad subjects") or nornal eati ng habi t
(by 10 other subjects, deened the "NEH subjects").
Subj ects managed the ingestion with their prescribed

Exanflf ' (5 Ghsbe 3 Mifedled gBoUb B Trepd'y Rie {¥aimg

capillary bl ood sanpled by standard forger capillary
bl ood | ancing, and two 1SF sanples (control and test

[00174LE 5 anmestyatavo dishetic sehiecthEi2angle, Khismaleonine Lype 35 13 Type 2;

meci 0 350053 ol FRARIGS BBl SAMIES 4 R B snff Rpsethso

yearsppaatigipated inf @dthicé Ohminfttet fa pﬁbve&ic&qﬁ%ﬁclﬂﬂbﬁuwe’n% dfPlucose were
each of the sa | es at eac of the neasurenent

madeifrpm ifgHectedigififfean mimte interypls (o measnaemend gxcle)eaver a five

[ ate by two One Touch(r) Utra bl ood gl ucose
tosnrfﬂémf'#&h{dgval | able fromfifeScan, MIpitas, CA). The

gl ucose values reported herein are the neans of the

two nmeter readings for each sanple. [001771 The
[00175))| | o crusingdhe teptoa Blucospxpumsionnvasindiseh thapwshairak ingestion of either

a75 W&&Qﬁ’m (99 12 subjects, deemed the “75g load subjects™) or normal eating habit
(by 10 other subjects, deemed the “NEH subjects™). 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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one arm (randomy sel ected), designated the control |SF
arm each discrete sanple of I SF was collected froma

woi bgreest; sanpling site on the dorsal forear mper/ys2004/018144
Approxi mately one mcroliter of |SF was collected

o ol S U5 G 1 RERS G st o

of the-nidasitement iBtepeal0 IFihdte capiliry biddaugdiicode Has H¥hstirddMidvplicate by two
ressure ring facilitated collection of the LSF sanple
One Mi HHracipodiglness matare (ayailable fromNH&Seyn, Milpitas, GAY The glucose

vaiued REORH e B Bt b ol B CE RS TR ettt 1 o

gl ucose neasurenent. The strips were nodified to
interface with an adapter for the |SF sanpling system
(0017}, ¢ hat Thﬁ@oﬂegmlt@m'alﬁesaml@drm eachninediffened inlmethoidolegy. On

o s ek S BRUSRhe GB0S KPG8 hr Shr 15 w

collectedrfidun u@liﬁ:ﬂ:ﬁ%am?_ﬁi;g §irtonQRe 6rslaBredas. Kﬁﬂfbkﬁﬂat@l? onb Snicroliter of
dorsal forearm his device, which was adhered fo the

ISF was crllested dhrgughoasmaall sapes aecdlieipanstroting iatacthe dewwnl flayertd askin depth

. n I t he, ski to a depth .
of zgﬁ.g@b@&gﬂ%ﬂ& an oglfé}o gﬁ E)hr%essur OU%P ﬁ'? 3;{9?} ‘giﬂﬂ’&?eﬁ TeSte nog
facilitaed dbMectiob bf the ISE sqmysb (e diamésllection i 3.0 @c LSS which was

sanmple of ISF. In this test, |SF sanples of 3200 nL,
m@&gﬁv Rasited 1 the, measupgmant gone of wedifind One doneh” Ulragglucose
as&&hkﬁ%&@ﬂf' . k]| t . .
me (conmer igl} %&%ﬁﬁ%ﬁ%&ﬁ? f%h%%gjrlﬁus rrv?f%% g oéﬁ%nt i"?t‘r'lg‘,’ce with an
adaptadifoothe ISE sapling [sPdérd 89 tian e ISReotlddgidirettey el 1df depSited in
the sti@s collected, the capillary tube was renove and the
W‘%&‘E‘%‘g’ié%nto a rmodi fi ed One Touche U tra glucose
nmeasurenent strip to neasure glucose. This second

strip nodification allowed for the direct capillary
[00178Libe exPndlesitber apd, ddsignated i testiI8F aha, MproRitypRIOeRtiNTXS ESF

[l qwi.ng a smal |l er yolunme o be asured than i s usual
collecfipn 3\ifiEgs BpatesLon {48 4ot foteagm. Jidsuice: which Marafhagsd to the
som uiif  Meical PAERAEUGE RO, SGEd of iy BAAEREEA} Ytelting the skin
to a depth ofiabont 2 oy, elstiapeelstoringtsutrounding themeedié, wifiéh wasipushed
. E es., 04/ 77 PCTI 004/ 018144
o 3R ngh SONEE TR o P TS ot IGE Srumles pELal smgalent o the

Rinfe 6fahe\ade i [
swe-ptggo nL_sanpl e %ﬁge@g%m% %l?%ecag%’ﬂ bect,’és&g%‘%}e?&ﬂ]y
availapletfrom Difgnmend Seientific, Bodamall, Bay. col | ect ed, the

application of pressure to the ring surrounding the
needl e was stopped, although the needle continued to

[00179Esi deOite the feqiitdivalun OB Sval lcBAsH L E RS lii‘lQBJ tgg‘g fmoved
the bal ance of each_ 15 m nut e®cycl e I nt erv% | 1%’
and the ISF expresserhpnip 2 Jendificd @neTowh®dAitta iglusost mEasumamny sthip s measure

ghucodd! This deBFnd¥i5) Sroditicaticn 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.




desired to match the tines at which each sanple
is'obtained fromthe body with its glucose value. For

wohenshesir7 | SF sanpl es, this nmeans that a one- Cy€t/BsigoiiBis14e
axis shift was perforned to account for the fact that

the 320 nL | SF _sanple actually collected duri&%_ a ]
[00180] ¢ ; . EQF theycollectipnof thedest IR samplegy prassurtavan eppelied onljeduting the

collegfBo ST 590 Ll danfif i idn e 57 s S-5300. Afer Ty aisite
voluhewageisilecrt 2ht upplicatibn 6ﬂ[ﬁéssb}e‘3t6 thesddPhounding HRCle8dle3bas

the sane relative tinme, [00182] An exenplary tinme
stopped, pltheugl the negstieconsinuédio reside inthé dermis. sNs imwanpressufé ®as applied

15.. This s .the results-for the glucose
f°“hﬁ§a?ﬂﬁe?§ﬁ%€?¥§W¥t8°¥ﬁ?gléer§%lnpl es plotted vs. tinme.

Wth the one cycle tinme shift for the test |ISF, the

time axis accurately represents the tinme at which each

[00183] t he tHor the compplism ofdle ISFtand blood glucose vileesack/timd besis, it is
desid 5 male th e o Wt PSP GDULHRQrs E ol WGP Slocose
valoe, ot ot ST BAAHIER, Wi e (3 i PP it 4 530 liBrmed o
accoumb for the fact that the 320mb ISF sampi¢ actildilyroollected dirdvgz Ppditicular cycle had
been mﬁacc Lo w%ée%[eggg%ﬁyp&%}e)% SOk oc%iégg %@%ilpgg?guegc{igg cycle. In this

v, SRR 38568, 0 RS S8 P oo

collecterd atdbe sampalativotimel ot s superi nposed on a O arke Error
Gid. Cdarke Error Gid statistics, regression
statistics (slope, intercept and correl ation
eo182pcf fi Ci xf’@ . .he .
(o012 ol (axpaPlary G 30 fofbb el HE Bubis ;Puftivh A¥iG. 15.
This gemsdlnt resulissfol the gheoscomedshitAtentdia thethreetshmples pRitRd &€, time. With

finger.blgaod gl ucose val ues and | SF gl ucose values are .
the ong £t time glaﬁfgf the e} IS} the fimesapivaccunlely rpreseutythertine afohich

o L BBk 1 000 0 S B g gt
in thei case’E3he B PISF akisamBldds ERRiGted%frorn e Body 96 st esident in the 320 nL

% nD6. 390. 0% % i n. EO0. 0%)0. 0%
bore of tge a, wagtinog tobepus%c gnto tlgecapillary 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
ghucose than the control ISF.

statistic control ISF test ISF
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sl ope: 0.690.99 intercept:64.722.2 Sy.x52.534.1

RO. 810. 95 avg. bias (% :4.910.0 MPAE: 22314. 6 TABLE 8
wOGs44924364/ 018144 [00184] It is -noted that tf bRY
. be a significant systematic bias in the test Igp%s 7018144
WQ ElLG 17 shows a nI ot of | SF asur enent
bj as rﬁillatAve tc t he SBF%&r ence fi ndgEx3%bl ood val ues for
b th U +he I UI IIUGO III. \J, l’\l f\ff QPI ‘IQ rre Of
spnpl e%c’&l ectign du@#&’bt he test|3§g3%v\here zero tine
I § Theggsg gkt of [each T Thg ptot ws—the data for
the twelve 75 g/l oad S%bj ectg, si ngg%él yceni c range

d trendiing welle gremssr for [theseggup) ects than the
nd so serve bést to jllustrdate the
EI nt. Wroug%ly si®0%oi dal |bias P@% ern flor the

P

comtt-ot—tSFreaytrereta—rors—t-he—t+-e—cdur se plots,
il §9Rer al | y [negat P98 bi as|duri n@9%e pdriod of
r|S|ngl g gl uicose, @yrmng 0 gengnLatty—positive

bii as towards the¢ end of the test whél™ glucqgse is

flal I i ngSydhe tesgt | SF52However, has3gjgenerdlly flat
bi-as—tresnonse vg test ti ne, wWith an aver e bias of
10 7% (1@ 0% ovural |, 08kcl udi ng al | 0§5bj ectq, see Table

— I 1 rotent: || i-Adgi cates a
|rrp §b8ﬁq@ra i on of??e"U " :ch CaI]I 'Qaélly be

orrecipdpdy sSyibtracyrng 10%Trom ghlg Test |I SF val ues.
001%85] FIG 18lshows the regiession plot off the test
| SF glucose vs. reference finger blood glucose when
this bias correction is perforned, and Table 9 shows
the G arke Error Gid, r on, and error
statistics when this mean centering bias correction is
applied to both test (10% bias correction from Tabl e
!0018;] and dusmoted thabhefe!msPbba signifivanteystematié biaginliab et BF

rreasu The bi a rrection for the control |SF
ﬁ@ 12’f s a surqmesd bips selytiveqo thyyeference finger

bloo@&@ﬂs*&%@of@ﬁ%@%%? e ove?{lﬁ Bacc 1d c?o thll during the

consi der abl e i nprovenent on racy
testingiwhere geroltidie isttnstarhef eabh &est. CBhier ot shows itlke dawpior ¢kt tw'ElveS':‘S g load

. indi.cates that a onent of error for the test
subjepl, i s o ARG Wers ol o base subiaets hhandhe DM
subjed] :ﬁh sHRBrvEBest % HRGIr{D BRI TAHE ré BB tSsoidaPbiab pitdrd For the

nmet hodol ogy.
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] FIG. 18 shows the regression plot of the test ISF glucose vs. reference finger
blood glucose when this bias correction is performed, and Table 9 shows the Clarke Error Grid,
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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statisticbias corr. bias con. control ISFtest ISF %in
A54. 3%85.8% % i n B38. 7%44. 2% % nCO. 2%9. 0% % i nD6. 7%0. 0%
wo0/1e70%0. 0% sl ope: 0. 650. 89 i nt er cept : 64. 02Rc B Us2004/018144
Syx53.430.7 R0O.790.95 avg.bias (%:1.2-1.0
MPAE; 22. 210.9 TABIE 9 [00186] The fact that the control
Howgver, therg i 4 eonsiderpblodmproviementomthe overall ageusadySorthe dest ISF when the

. - [ . | e 8 and Table 9.contro SF

ino e SPERAL 0801l s ol By 55 pEh v

meastichitsdo HRelp 8 Rimplé caibration epfor, WHER cm&ﬂﬁﬁbﬁéh #1356 Rgorous

_results show the potential for inprovenent in |ISF

calibghige methadeloghs ement s rel ative to finger blood gl ucose
measurenents when a treatnment such as the slow
pressure ring nodulation is applied to the | SF sanpling
rea. giifiie/1l The a gl ug¢ose {; ME Qget ween each

f the ISngarrpI es \gﬁdg%tgﬁé r ef erenﬂéiSgco i nger| bl ood

slanpl es was cal ¢ul atosttoFESF ea¢h sulgselSF as g4 way of

x -a-nce-u-n-t—-eé—l-a-g-—%t-éa-t-l-en—aé hi eved by
he coti®dyious |SF eXf#B%ti on|devi &-8%en cdnpared to

he T the Tdisceta v —=a SF sanpl es.
he IZ%%eqween | SF gﬁgléébl oodlgl uco@?éﬁvas mgasured by

I ndi ng fl® M nifnum qjpmpr bet \een tHege neadurenent s
when the tinme axis for the |8 7977
RCTI US%084) 018144 rreafs’i%errent% is s0.D% rel atlive to the
the—bi Feast At The—di-gt ance (in

illb‘ A I.D Af L U1 OOA BaStH-ehenRtSs e — o3
ime) AR theltine O%%Fs is L1id ($0%hi eve the
URALNALY TOr 1§ tne rage )r a

Tﬁlgg net hod was io?evi ougly used to

—h_ll-"f-"

~t —+

darticular subj éct -
dal culméreedn average epotrol FSF laggpime qf 25
-hutes across 57 diahetic subjects The netlhod was
nodi fi e¥-Xor indi vi dudd-4subj eft 30.7
R 0.79 0.95
avg.bias (%): 1.2 -1.0
MPAE: 222 10.9
TABLE 9
[00186] The fact that the control ISF measurements were little affected (as is evident from

a comparison of Table 8 and Table 9 control ISF results) indicates that any calibration error is a
minor component of error for these measurements. These results show the potential for
improvement in ISF glucose measurements relative to finger blood glucose measurements when

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

[00187] The average glucose lag time between each of the ISF samples and the reference
finger blood samples was calculated for each subject as a way of determining the amount of lag
mitigation achieved by the continucus ISF extraction device when compared to the lag of the
discretely sampled control ISF samples. The lag between ISF and bloed glucose was measured

by finding the minimum error between these measurements when the time axis for the ISF
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cal culation rather than a conposite data set
cal cul ation. For exanple, FIGs. 19A and 19B show the

wor0eyevsry tine plots used to deternine the aveERIR82004/018144
control and test ISF lag tines for one subject in the

current, test. [00188) Table 10 shows a summary of the
measureamentsis shid e@q thcalmm efthe bleod geeaburements.nFhe distance (in time)

o s b i e o
S e e

of ﬁenmn@s 20108S FhdiabgticsubjectseThe methiod sasenddified ﬂoe:ndmdual sub]cct

cal %J&?cu g tB%fhor the d| d no’ %émgl %%ra‘?ﬁ ou q,hﬁ(ﬁhgn%Aand 19B show
the 61 W M%ﬁdt@ﬁsed%d&t@ﬁmh@?ie%vﬁﬁ or t%{l]t?t es?l?gs'qmesforone

remar kabl'e reduction 1 n [ag t|

subjectimtheeurrent tesi. ve to the control | SF sanples for every
subject. On average, a lag reduction of 35.8 mnutes
is achieved, cutting the average Iag from383 to 2.5

e T

timestiof éached the twiotISH sarples febitivette ﬁhgmhmude@adom 5 Jfthe22
| 0ad38- 341108% 2759 | oad42- 143102% 3759 | 0ad40152563%
subje &%@e Fm%edgm oy, therofher ssxem sbicriione obthe 13 dvi e FSapiped group,

d six’s fxofih ?%‘gl?%%%&ﬁ& R 3R BhEAWE:R hvslabRAAF 68 34R5 ion 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 75¢g 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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departiing fromthe invent 00191 A systéemtor
nonitoring an analyte in |nterst|t|al Fluid (ISF) of a
user, the svst em conpri-sing- cartridge including an

anal ysils nYEH e for 21§1$3tals,u |nQQan ana?@xsé n 100%| SF of

t he user'bi&g ot Tt no m—etget+pni C
comunifcaf] Bn wi { h ﬁ% ?stfg §lz och ilﬁm rpller
configured to receive msasuremsnt data fromthe

anal ysi s nodul e and store the data, 50 WO 2004/ 107977
PCTI US2004/ 018144 TABLE 10

[00189] Interestingly, the natural biases between ISF and blood glucose appears to be
significantly reduced by a method that includes blood perfusion ¢levation, such as the modulated
pressure ring application methodology applied in the test described here. 1t is, therefore,
hypothesized that the modulated pressure application in this test acts to increase blood perfusion
around the ISF sampling site, acting to significantly mitigate the physiological lag (i.e., ISF
glucose lag).

[00190} While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are

provided by way of example only. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention.

[00191] 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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wherein the anal ysis nodul e i ncl udes an anal yte sensor
configured to be at least partially inplanted in a

wbaveaip7ert e of the user, and wherein the anal ¥&t®8s2004/018144
nodul e includes at |east one pressure ring adapted for

appl yi n ressure to the body in the vicinity of the,
Wher?lgﬂa‘emgﬁg@wammlmaa amalyfecsepsaxiconfignredip heat Jegst partially
) ) . : ¢
mpl 0135 U508l MPBEERSHE Fr b PR b g
pressug rinpfadapted fu ppigidgiptessieit@ Hictbdy e FitahiysoftheRestt Site, and

of the aforenentioned system herein enploys a Iaig )
whersin the analysis sl is spnfigured guch dhat thetpressure ringds camgbie of applying the
erel

ressile | Le of the af i oned
pressil i 8 Socifiog Hlpf el o R E oSt ok el e RSt modute
of thd dforchiitialedagem|hatin iplop0dlsThiigMad dmddal idarther mitigate the

af orementi oned system herein enploys heat to further

ISF ghicpsegiag « Theranalysis modwioekibe afpremrensionedisysiens bersimemploys ultrasound
to rut gt SR bR 15 SRR R0 PO S adoRtitioh e system
hereifBploys Béat id RrBEQRRIFRRIthO ISTo18YRE BB "I%%hﬁlﬁ?ﬁldaﬁfe G¥'the

el ectropotential to further “nitigate the I'SF glucose
aforemgptioned sysigm boreinsemplolys vacodm ié furtheomitigatet the 3% gligestedag. The

analyS§ adleif At HireriRlionen SyyteR el PRBIOPSE ettt aiatio arther
mitighle WORF 128 The hindlydid AGHRIL 3f ﬂlﬁm&ﬂnxmiddeh dysi@fBkRin employs

and nonitoring glucose therein, the system conprising:
non-oscillatompmachiagicalananipulgtion of:the bodyoto farthex mytigaty theoSi ghudose lag.
extracting a bodily fluid sanple froma body; and an
anal ysi s nodul e for neasuring glucose in the bodily
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[00193] A systemfor nonitoring an analyte in a bodily
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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,
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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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| yte therein,
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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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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
imtegrated 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 ciaim 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 furthex
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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