DEVI CES, SYSTEMS AND METHODS FOR EXTRACTI NG BODI LY FLU D AND MONI TORI NG AN
ANALYTE THEREI N BACKGROUND OF I NVENTION 1. Field of the Invention [00011
The present invention relates, in general, to nedical devices and their
;:associ ated nethods and, in particular, to devices, systens and net hods for
ext-racting bodily fluid and nonitoring an analyte therein. 2. Description
of the Related Art 100021 In recent years, efforts in nedical devices for
nonitoring analytes (e.g., glucose) in bodily fluids (e.g., blood and
interstitial fluid) have been directed toward devel opi ng devi ces and

met hods with reduced user disconfort and/or pain, sinplifying nonitoring
met hods and develJpYKES SYSTENISANDMEIIIGDS FAR EXTIRACTENG BODILY or -

sem -conti nuous noni hn ' LA ' Lt el t hods enabl es
users to self-nnnitgﬁﬁggc aﬁg y téhgﬁk%%ﬁéﬁ%ﬁﬂfﬂtéﬁﬂgﬁg cations w thout
the help of health care professionals. A reduction in a user's disconfort
and/or painis particularly inportant in devices and net hods desi gned for
hone use in order to encourage frequent and regular use. It is thought
that if a blood glucose NMBACKGROUND\OE ENGRNTIGNOCI at ed et hod are
relatively painless, users wll nonitor their blood glucose levels nore
frequently and regularly than otherw se. 100031 In the context of bl ood

gl ucose nonit pLi ont t-nuous or sem - continuous nonitoring devices and
met hods arehégégﬂgggbuﬁghﬁ% that they provide enhanced insight into blood
gl ucose conf®fiir at i orThe pases invemmneéihestin génefaasimadidal deeidéscatitlir on bl ood
gl ucose concentratio nd.,a user's overall glycem.c control. In practice,
however , co?ﬁ‘?‘ﬂﬁ%‘{f?"'ﬁﬁ% a0dfp P?brﬁ?ﬂlﬁ‘rn{?d%éflcﬁ% %’Fiaﬁej“ﬁg\?aﬁ Rvrint
drawbacks. bdily@aaiaad enonétbing @ aaMifedkdrtian of an interstitial fluid (ISF)
sanple froma target site (e.g., atarget site in a user's skin |ayer),

| SF flow rate can decay over tine. Furthernore, after several hours of

conti nuous 3} SheL¥btiRAUriRRelAedSE" ' S Pain and/or 1

[0002] In recent years, efforts in medical devices for monitoring analytes

{e.g., glucose) in bodily fluids (e.g., blood and interstitial fluid) have been directed
toward developing devices and methods with reduced user discomfort and/or pain,
stmplifying monitoring methods and developing devices and methods that allow
continuous or semi-continuous monitoring. Simplification of monitoring methods
enables users to self-monitor such analytes at home or in other locations without the
help of health care professionals. A reduction in a user’s discomfort and/or pain is
particularly important in devices and methods designed for home use in order to
encourage frequent and regular use. It is thought that if a blood glucose monitoring
device and associated method are relatively painless, users will monitor their blood

glucose levels more frequently and regulariy than otherwise.

[0003] In the context of blood glucose monitoring, continuous or semi-
continuous monitoring devices and methods are advantageous in that they provide
enhanced insight into blood glucose concentration trends, the effect of food and
medication on blood glucose concentration and a user’s overall glycemic control. In
practice, however, continuous and semi-continuous monitoring devices can have
drawbacks. For example, during extraction of an interstitial fluid (ISF) sample from a
target site (e.g., a target site 1n 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



™'l e e e ———

«di sconfort can increase significantly and persistent bl em shes can be
created at the target site. [0004] Still needed in the field, therefore,
is a device and associated nethod for the nonitoring of an analyte (e.g.,
*glucose) in a bodily fluid (such as ISF) that is sinple to enploy, creates
relatively little disconfort and/or pain in a user, and facilitates
continuous or sem -continuous nonitoring wthout unduly increasing a
user's pain or creating persistent blem shes. SUMVARY OF | NVENTI ON 100051
Systens for the extraction of a bodily fluid sanmple and nonitoring of an
anal yte therein according to enbodi nents of the present invention are
sinple to &ifpemaiprt cap ingreasersignifiqapidy gnd persistent plginishesesh de cdatedatthort in a
user, and f@agéétgitté}te continuous and seni-continuous nonitoring w thout
unduly increaSing a user's pain or creating persistent blem shes. In
addition, |SF extraction devices according to enbodinents of the present

i nvention a reate, rel ativel ittle pain and/or . disconfort in a user
and facili t&i@@“ﬁonti ﬁﬁlﬂﬁ?e‘iﬁﬁldn gérﬁel-libl}?ﬁfﬁ"ﬁdﬁg%%?ﬁ eesegatdowdivd  undul y
i ncreasi ng fordsahorsitobak Bf AY anelyRk i) GlubsdeFind tally RliAThShasISEYRhERV e

met hods according to the present invention facilitate continuous or
seni - cont i n¥BWRE tarsmPloyy sreates rolptivedy littla diseomyfortaad/enpdinip auses ard s pain or

creating pekiihtontudll SERi-cbRAGs AbISIhEMAd uhl ACkhA # DOUI |y

fluid sanple and nonitoring an analyte t I'n accordi ng n exenpl ary
enbodi ment wser’s hain pr esaing persistent blemishésncl udes a di sposabl e cartridge and a
| ocal controller nodul e. The di sposable cartridge includes a sanpling
nodul e adapted to extract a bodily fluid sanple (e.g., an | SF sanple) from

a body and an anal ysi s nodul sSUMMAROFINVENTION an anal yte (for exanpl e,
glucose) in the bodily fluid sanple. In addition, the |local controller
nmodule s in electronic conmunication with the disposable cartridge and is

adapted to ose8i ve aPGemt R theMRARMIORTERbodIRRid Snfple and r§dHith i gnal)
fromthe angl ysi s rmggl g. 2 [8007] '?he sa(r’rpll%i nglzj no ueiag of stylgrtgge?rtg accordi ng

to enbodi netanalyte therein ageosdingito ambedimentsof dherpresontiinyeatipryare sipiplefies a

penetratio nerﬁEﬁH;Q %{:eafé%ﬁtii»gsw lﬁﬂe f)aﬁfl and/or discomfort in a user, and facilitate
continuous and semi-continuous monitoring without unduly increasing a user’s pain
or creating persistent blemishes. In addition, ISF extraction devices according to
embodiments of the present invention also create relatively little pain and/or
discomfort in a user and facilitate continuous and semi-continuous monitoring without
unduly increasing a user’s pain or creating persistent blemishes. Moreover, methods
according to the present invention facilitate continuous or semi-continuous monitoring

without unduly increasing a user’s pain or creating persistent blemishes.

[0006] A system for extracting a bodily fluid sample and monitoring an
analyte therein according to an exempiary embodiment of the present invention
includes a disposable cartridge and a local controller module. The disposable
cartridge includes a sampling module adapted to extract a bodily fluid sample (e.g., an
ISF sample) from a body and an analysis module adapted to measure an analyte {for
example, glucose) in the bodily fluid sample. In addition, the local controller module
1s in electronic communication with the disposable cartridge and is adapted to receive

and store measurement data (e.g., a current signal) from the analysis module.



.penetrating a target site of a user's skin |ayer and, subsequently,
residing in the user's skin layer and extracting an | SF sanple therefrom
The sanpling nodule also optionally includes at | east one pressure ring
.adapted for applying pressure to the wuser's skin layer in the vicinity of
the target site while the penetration nmenber is residing in the user's
skin layer. In addition, if desired, the sanpling nodule can be configured
such that the pressure ring(s) is capable of applying pressure to the
user's skin layer in an oscillating manner whereby an I SF gl ucose | ag of
the | SF sanple extracted by the penetration nmenber is mtigated. [0008]
The di sposalff87hat ur elhsfsampiingynedieeftsyeemangcoidigso embodiments pEthe s

according t . | ' | ) loy. lp addition, when a
o essur o r i R RERRE N bR A0S Richedeof MY ooBePif it o't he
present i nvpeneirating atampt sita ofi s usen'd skie fiyecad] subssuentypREUREiMGeiuserfsaci | i t at ed
whi |l e simul t.aneousl y m ni.m zi a ser's pain and the creation of

persi stent B Erﬁé'é.e’“f"ffﬁ%?"&% SPWPEF'%‘F?QQ“QI TQEI Qmplipg Bequledlse act i on devi ce
accordi ng t gptnallEibladdsieRbstQhe pRSuR rBSAAptbd 8 BppIARg bRGuHdS$he? PENEtration
menber (e.g., a thin- walled needle with a bore) conglgured for penetrating

a target sivergskiplayseipthe deipity of thslergebsite, whilsishasppnetratiop membei i ng in a
user” S SKi Nk @lin HR%sesicithyeR 9 1Rk, ARl ol BELAE Al 18, b
extraction deviCe also includes at [east one pressure ring (€.9., three
concent ri catdnfiguned surhdbat thegaesaure ring(a)pys ramatikptf epblfiog papsnka/to tig: ysegssure to
the wuser’ Ssk?nkian I.aglgcr, ig.t he vi ci rﬁi t%y ofI p;h tarl et |,]£SPF whi 1 e the
penet r at i on SWe B L oscHiatng madner whergly pISF glucogs ?%@Pe T SHRRIS) SF
extraction eamtedby thepervidagon @embétdhmitipaledt he pressure ring(s) is capable
of applying the pressure in an oscillating manner whereby an ISF gl ucose
| ag of the |ISF sanple extracted by the penetration nenber is mtigated.

[0010] Sincpobgle Penai alshAbERHRRY of e disbsid daRfillh R dlaVdyEHs accor di ng to

enbodi nents of the present invention can reside in a user”s skin |ayer
during exticaerdingiio te prasent SFventignyimplethemplsy maddision. wWendewissssrng e si npl e

to enpl oy. ik Bg&at@&]m aEni ogallatﬁlgl}ﬁ&ny.h%c&%ﬁg ?«Nhre %?etsénq ri1tw(g§t\{cirl(,:gt.)nitiﬁucg:u(gnf igured to
apply pressure I n an
and semi-continuous monitoring is facilitated while simultaneously minimizing a

user’s pain and the creation of persistent blemishes.

[06009] 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) configured for penetrating a target site of a user’s skin
layer and, subsequently, residing in a user’s skin layer and extracting an ISF sample
therefrom. The ISF extraction device also includes at least one pressure ring (e.g.,
three concentrically arranged pressure rings) adapted for applying pressure to the
user’s skin layer in the vicinity of the target site while the penetration member is
residing in the user’s skin layer. The ISF extraction device is configured such that the
pressure ring(s) is capable of applying the pressure in an oscillating manner whereby
an ISF glucose lag of the ISF sample extracted by the penetration member is

mitigated.

[0010} Since the penetration member of ISF extraction devices according to
embodiments of the present invention can reside in a user’s skin layer during

extraction of an ISF sample, the ISF extraction devices are simple to employ. In



.0sci |l ati ng manner, continuous and sem -continuous nonitoring is
facilitated while mnimzing a user's pain and the creation of persistent
bl em shes. Application of pressure in an oscillating manner by the
.pressure ring(s) can also optimze blood flow to the vicinity of the
target site such that I SF glucose lag is mnimzed. 10011] A nethod for
extracting interstitial fluid (I1SF) according to an enbodi nent of the
present invention includes providing an I SF fluid extraction device wth a
penetration nenber and at |east one pressure ring. Next, a user's skin

| ayer is contacted by the pressure ring and penetrated by the penetration
menber. An |agdgitionzsinsk theiISF exiraqtiendevisstivehnfipwed tolapplypesssige gkam | ayer via the
penetration Jienbe i ]e i .essure to the user'. in.layer in an
oscillating 0%‘?1‘%21{3 atﬁ%?%rgc%nﬁggér}% g@%%'coﬁmﬁlﬁ'(us'}]fmt}ﬁ'@g bsgflé?lﬁﬁagea “manner, by
whi ch the pmsiamiziagiasisappeinadd tteereadsn blperSisiéng Blemished) Apphicgloacse | ag of
the | SF sanpl e extract eiﬂ b theiﬂ)(raggt ration. mepber and/or to facilitate
cont i nuous &FeSSYRHTT THE, ﬁ'{}élg‘“‘é 19y 40 Prsssutsiiing(s) ragralsopmazerhlioodipvex t ended
tinme periodig ﬁw%oini%"bf%tﬁ%&:i%ﬂe ScHRhaA BSF Afcokdaf Memin@AQE1. Of one hour to 24
hours). BRI EF DESCRI PTI ON DRAW NGS [ 0012] A better understanding of the
features and advantages of the present invention will be obtained by
reference t foll Qu ' - D ts forth

il lustrati vim;elri odi m%?%%dﬁgéﬁ%%ﬁgﬁgﬁ%ﬁbﬁ}ggﬁg{éﬁé‘%‘Eecolﬁﬁn 8 on are
utilized, amchbodinentaftiergresentiimgntomincluds péviding ahISFR0d Strabtida delicks a

sinplified bl.ock diagram depi ct.i system f or tracting .a, bodily fluid
sanpl e and FOARSPFROn meien 4t a ok pd essis ol Ngeh Buseh Sk fayeie
enbodi ment  @énthdied 1/ t8S Grigksutetit@nhd pétietrh@8 beHhe pbietration Merdbeti MRS i ed

schematic di agram of an | SF sanpling nodul e according to an exenplary
embodi nent SRIR & thenexEasted fiera thei ussr H¥ithigyes Bisl thepnetgation mesgher whils i n | ayer,

with the dag FeQitird B Wb I\GirRia P& SN bsCibhtidg hineCidi e pdsdue  solid
arrows indi cgitﬁlgiﬁgbleSFr‘f | ow or, \Aﬁeﬁ%ssoci ated wth el e%t 28, the
appl i cat i onringfs). pFewseilatingmanog ]y wiirigthe prassirais gppljsidi ferved tdanisigktedi agr am of
an anal ysi s W&l&cu@@ﬂg |09§,§ &SF sample extracted by the penetration member and/or to

facilitate continuous or semi-continuous extraction of an ISF sample for an extended

time period (e.g., an extended time period in the range of one hour to 24 hours).
BRIEF DESCRIPTION OF DRAWINGS

{o012] 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:

[0013] FIG. 1 is a simplified block diagram depicting a system for extracting a
bodily fluid sample and monitoring an analyte therein according to an exemplary
embodiment of the present invention;

[0014] FIG. 2 is a simplified schematic diagram of an ISF sampling module
according to an exemplary embodiment of the present invention being applied to a
user’s skin layer, with the dashed arrow indicating a mechanical interaction and the
solid arrows indicating ISF flow or, when associated with element 28, the application

of pressure;



.controll er nodul e according to an exenpl ary enbodi nent the present

i nvention; [00161 FIG 4 is a sinplified block diagramof an anal ysis
nodul e, local controller nodule and renote controller nodule according to
.an exenplary enbodinment of the present invention; [00171 FIG 5 is a
sinmplified block diagramof a renote controller nodule according to an
exenpl ary enbodi nent of the present invention; [0018] FIG 6 is a top
perspective view of a disposable cartridge and |ocal controller nodul e
according to an exenpl ary enbodi nent of the present invention; [00191 FIG

7 is a bottom perspective view of the disposable cartridge and [ ocal
control | er f8lldl e of FIG3 isa sphPetblpgkdiagan of ap palysipawtilpendlossl of a

syst em accor gj . i: t, of the present invention
with the di §g%sabe{lgm€'gf9%§h§£ g@%ﬁg@kﬁ%ﬁ@%@%m! |“éer1;‘%%’a‘d ‘Zenglf”tl’ached to an
arm of a usq¢eq16l00211FId. @.is 9 siivplifedsblogkl didgral of arsmalysie alodwdbead i de vi ew of

an extraction device. according to.an e | ary enbodi nent of the present

i nvention; f@'@’i‘?“ﬁ?ﬁ'b femote %%?@Eéﬁ‘?é‘ﬁgg‘%ﬂ’ &P MUY of an
extracti on dpubdifentdTCRY ptededt ihGenyibf; anot her exenpl ary enbodi nent of the
present invention; [00231 FIG 11 is a sinplified cross-sectional side view

of the extr#Mibn dekiGeé ivt simplifieditock dirgpan) ofd emotexohixollgr godwln showi ng
perfusion a - ' ' 4 ;ﬂﬁ; d using the extraction
devi ce of F?@réﬁ?éﬁ%iﬂéﬁgeﬁg&%n%f W ﬁ@g?%ﬁn&ﬁl | ustrating a sequence

of steps i n[MW1B) ocessFIGa6a0a wp perspeotianaeve xEahibpusyblecdmodgaentloadl t he present
i nvention; an 00261 .FIG 14 is a sinplified cross-sectional .side view of
a portion o Oé?ileré??c%“é%ﬁ%ﬁil%ﬂ?eg@i%’ o “Heﬁtﬁfﬁlﬁgfeswa?tf@ht of the
present i nvegmidpn. DEFIA G 6InSRFPcRpbdEve Gew Ufithel BNl DIfi@R%A4 A system 10

for extracti ng a bodily fluid sanple (e.g., an I SF sanple) and nonitoring
an anal yt e (ocgjcoptligpmodulgiof EBE &) t herein according to an exenpl ary

(ereﬂ;gg irrpnggts JJo2bhe Pr eRent id JprbbRR vieWdUdgted o8 IRGANGAT L 1 dOE 12
exemplary embodiment of the present invention with the disposable cartridge and
local controller module attached to an arm of a user;

[0021] FIG. 9 is a simplified cross-sectional side view of an extraction device
according to an exemplary embodiment of the present invention;

[0022] FIG. 10 is a perspective view of a portion of an extraction device
according to yet another exemplary embodiment of the present invention;

[0023] FIG. 11 is a simplified cross-sectional side view of the extraction
device of FIG. 10;

[0024] FIG. 12 is a graph showing perfusion as a function of time for a test
conducted using the extraction device of FIG. 9;

[0025] FIG. 13 is a flow diagram illustrating a sequence of steps in a process
according to one exemplary embodiment of the present invention; and

[0026] FIG. 14 is a simplified cross-sectional side view of a portion of an

extraction device according a further embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0027] A system 10 for extracting a bodily fluid sample (e.g., an ISF sample)
and monitoring an analyte (for example, glucose) therein according to an exemplary

embodiment of the present invention includes a disposable cartridge 12 (encompassed




.5 within the dashed box), a local controller nodule 14, and a renpte
controller nodule 16, as illustrated in FIG 1. [00281 In system 10,

di sposabl e cartridge 12 includes a sanpling nodule 18 for extracting the
-bodily fluid sanple (nanely, an I SF sanple) froma body (B, for exanple a
user's skin layer) and an anal ysis nodule 20 for neasuring an anal yte
(i.e., glucose) in the bodily fluid. Sanpling nodule 18 and anal ysi s
nodul e 20 can be any suitable sanpling and anal ysis nodul es known to those
of skill in the art. Exanples of suitable sanpling and anal ysis nodul es
are described in International Application PCT/G01/05634 (Internationa
Publ i cat i onwihintsks daglpddmxy 93eral gunjrollegimadle 14, ardeayremgtefcahtrglier modulgor at ed

herein by r I ef, in system 10, sanpling nodule 18 and
anal ysi s nngﬁﬁgﬁggégggmgﬁ¥hiconfigured to be disposable since they are

conponents of disposable cartridge 12. 100291 As depicted in FIG 2, the

parti cul ar ling dul e of system 10 _is owever, an | SF _sanpling

modul e thatﬁﬁgﬁludes s%ﬁﬁbﬁf&??ﬁﬂgﬁﬁ 43 inc es%ﬁﬁgﬁ?ﬁﬂ#ﬂﬁﬁéstarget site

(TS) of bodyorBxipdetingmt badily hGd @eﬁﬂ?]&dﬁaﬁ:@l?}lixﬂSF @:aﬂ']?l%}h BBody'BE fgni sm 24 and
nmodu

at |east one pressure ring 28. F sanp qu e 18 is adapted to
provi de a c®FMPIRAWST HIkinlansn) anshananalzeis mpiyo2e for pesuwring an andlste §i.expdul e 20

for the nopy j . P : | t h
s gl Ucose) EbctE} %ty P SaRBiiaAhb Ak MEASRAMRIRIaRL 280l D 1P o
menber 22 i snitabls sarhplthgiand analyss mdadateg&hown toghdse o€skill pagheartaEranplee t ar get
site) by operati.on of .| aunghi ne nism?24. . .For the extractjon of an | SF
sampl e 1r onPeeteas el pef toliss TRGHEY pR Ak srbsndbirmaoul AR s er  ad 10
a maxi mum i PEEMGB0D5ERN e dnBEPUbHEgRN Mlumbe PW ORGS0 2 A 1), WhiBiist 0 3 mMm I n

addi tion, penetration nenb&h 22 can_be caqnfigured to Oﬁtinize extraction
T

of an I SF sharpydultyingorperaies hersindysefereen Hasveon ifoWEeRdRn@MPIPE t hi s regard,

penetrat i oNy,EBITD 8f artFan&itls HdGhIL D6 areltth REAFREE 1R d&BoEBIeGhce ity Rrenal |
stainless steel needle (not shown in FIGs. 1 or 2) wth a bent tip,

wherei n a fedmnonents ofdispheable qartidaed2. i s di sposed between the needle's tip
and the needle's heel. Suitable needles for use in

[0029} As depicted in FIG. 2, the particular sampling module 18 of system 10
is, however, an ISF sampling module that includes a penetration member 22 for
penetrating a target site (TS) of body B and extracting an ISF sample, a launching
mechanism 24 and at least one pressure ring 28. ISF sampling module 18 is adapted
to provide a continuous or semi-continuous flow of ISF to analysis module 20 for the
meonitoring (e.g., concentration measurement) of an analyte (such as glucose) in the

ISF sample.

[0030]) During use of system 10, penetration member 22 is inserted into the
target site (i.e., penetrates the target site) by operation of launching mechanism 24.
For the extraction of an ISF sample from a user’s skin layer, penetration member 22
can be inserted to a maximum insertion depth in the range of, for example, 1.5 mm to
3 mm. In addition, penetration member 22 can be configured to optimize extraction
of an ISF sample in & continuous or semi-continuous manner. In this regard,
penetration member 22 can include, for example, a 25 gauge, thin-wall stainless steel
needie (not shown in FIGs. 1 or 2) with a bent tip, wherein a fulcrum for the tip bend

is disposed between the needle’s tip and the needle’s heel. Suitable needles for use in




.6 penetration nmenbers according to the present invention are described in
U S. Patent Application Publication US 2003/0060784 Al (Application No.

10/ 185,605). [00311 Launchi ng nechani sm 24 can optionally include a hub
.(not shown in FIGs. 1 or 2) surrounding penetration nenber 22. Such a hub
Is configured to control the insertion depth of penetration nmenber 22 into
the target site. Insertion depth control can be beneficial during the
extraction of an | SF sanple by preventing inadvertent |ancing of bl ood
capillaries, which are located relatively deep in a user's skin |layer, and
thereby elimnating a resultant fouling of an extracted |ISF sanpl e,

cl oggi ng of PeMEraBINEEmbars ensondingie the presentarygntion a5¢ deseribedan sS- Satgpdul e by

bl ood.  Contyalikinde PLdlREEdH 1962 SEEV R hze pain and/ or
di sconfort A@@%%%?engggﬁ%%hgﬁd@é?ﬁ@g&?ﬁéﬁ%@@h@?oé?@igmaﬁﬁﬁ?DOBZ] Al t hough
FI G 2 depicts |aunching nmechani sm 24 as being included in sanpling nodul e

18, | aunchi chanism 24 can,optiqnally be .included I dj sposabl e
cartridge 13‘%8 in | o]i@gf‘&éﬁﬂ’?cgf”ﬁgf] 9%%%&10 %lyd?‘:l'é‘f?satqﬁ%qﬁﬁs}“ﬁﬁ? Phernore, to
sinplify enplGyment) sufrotndiggithdtRitiby membec)2, SuaiPhibig comfibuted td Sorftdn be
formed as an .integral part of the ana1¥s|s nmodul e 20. [00331 In order to

facilitate thedneRiongerth ShPEFETaiionRATInGT £1 Wafhe Ergst site @Fhfoﬂ&ﬁ?@hg tar get
site, penet (el PR BeHRficta? diritg thfexRhERIE dn fsmﬁpreruy;pgédea{ﬁafg thin at |east

one pressure ring 28. Pressure ring(s) 28 can be of y suitabl e shape,
i ncl udi ng binadyestent lanairigtod dlood capaltamigs, ayhichi are lodated fetatively despgnpaserisng(s) 28

b £ . : . . e
can e, oo hayge, bt ARBLY MR8 Rl AR ELANMSRled RESEREEL S, e
I s residi ngcloggit@ef ths panesativkiinfenbay@rclogginglef as analysatmaiiedabldd. achi eved

t hrough the use of a biasjng el enent (not. shown.in FIGs. 1 or 2), such as a
spring or aCP'étf‘éﬁ‘fg IB?F“EH“&%R'?‘ %as%ieﬂfc}? W@"ﬁ?&qqﬂ?é‘fqgféc%?f"ﬁ pressure
ring(s) in egaABlcedsy S0 hamgBN6r systkmast racti on devi ces) according to the
present invention are described in nore detail below with respect to FIGs.

9-12. [0034] During use of system 10, pressure ring 28 is applied in the
vicinity of po8he tar 9gihoiit AGI Sdepilel RlndbthoRARBLiGh h93s Kind HAusHAEL Site by
penetrati on[ meﬂber 22, h|0néﬁ R g l mgtl e

sampling module 18, launching mechanism 24 can optionally be included in

disposable cartridge 12 or in local controller module 14 of system 10. Furthermore, to

simplify employment of system 10 by a user, sampling module 18 can be formed as an

integral part of the analysis module 20.

[0033] In order to facilitate the extraction of a bodily fluid (e.g., ISF) from the
target site, penetration member 22 can be arranged concentrically within at least one
pressure ring 28. Pressure ring(s) 28 can be of any suitable shape, including but not
limited to, annular. In addition, pressure ring(s) 28 can be configured to apply an
oscillating mechanical force (i.e., pressure) in the vicinity of the target site while the
penetration member is residing in the user’s skin layer. Such oscillation can be
achieved through the use of a biasing element (not shown in FIGs. 1 or 2), such as a
spring or a retention block. The structure and function of a pressure ring(s) in
sampling modules (and ISF extraction devices) according to the present invention are

described in more detail below with respect to FIGs. 9-12.

[0034] During use of system 10, pressure ring 28 is appiied in the vicinity of

the target site TS, prior to penetration of the target site by penetration member 22, in




.7 order to tension the user's skin layer. Such tension serves to stabilize
the user's skin |ayer and prevent tenting thereof during penetration by
the penetrating nmenber. Alternatively, stabilization of the user's skin
.layer prior to penetration by the penetrating nenber can be achieved by a
penetration depth control elenent (not shown) included in sanpling nodule
18. Such a penetration depth control elenent rests or "floats" on the
surface of the user's skin layer, and acts as a limter for controlling
penetration depth (also referred to as insertion depth). Exanples of
penetration depth control elenents and their use are described in U S.
patent  appPrleEptesiondhs user \in laypr. Such tapsien s ostabdlize s usersk002] ,  whi ch

is hereby full r?r%d H:Qg{tpﬁﬁelﬂé OreDESRInG ggﬂetfaﬁglg f@llg;faenekrgtlr%qﬁ f&q the

penetration e can aunched I nci y Wt cation of the
pressure ri Ali¢rsatively, sthidlization bthe kien's skintayer ptidrae B@ptranmlﬁylthng a

S|rrpI|f|cat|on f the.launghi hans 10 1 Onc enetration nmenber
3 has beorPTATEREI TR RS e PY AR RLOn SRRSO LG oadl e (ot
shown i n Fl dewnlin6lud&) in@impiigenddald 180 Suelrh@enctation depth sofgoldemehor exanpl e,

at an insertion depth in the range of a out 1.5 nun to 3 nmm below the
surface of ’ieﬁéo’ijsfl-ﬂats og hesustags of thg psqrises {nalﬁbeétangia’ftéasal"r‘@“‘ﬁr%rssure ring(s)

28  appl i es{@RphiNg PerdeRhth & EEI% HfRfedlo SiinSeriYRD EPalnIE_lﬂé et by the
downwar d poi nti ng arrows o t hat pressur| zes ISF in the vicinity

of the tar geenetgition depth soritrod elements té@sumrgflﬁml@dtmwﬁda@i@d by the pressure
ring(s) 28 ano t gh t he
sanpl i ng {fgﬁyalu%)ﬁ Fﬁﬁwé’nél m’ﬁtﬁ“& §F( as |ca$%§61}d @Eﬁjls l"E%Jérgi‘;ed and
upwar d poi nﬁxllynglcanpbmml hafeuﬂb)@efe&)nce ]Iﬂiﬂ%i:d,ltﬁFpe‘nbtmnohlmanﬂghcah beenetrati on
menber's n edI tenti deca nme due .to depletion
of | SF near a‘t“"r‘f ‘{)ej“?ﬁ tﬁﬂ%’q‘&ﬁtéont@]t?%?rﬁ% Fsé tbﬁ‘éser ﬁglﬂP s skin |ayer
under the ﬂﬁﬁi,&ﬂér@oyrdnﬁﬂﬁ@a safiplifid@N@Velthe laﬁn@m}i@tr@difﬁmﬂﬁﬁordl ng to the

present invention, pressure ring(s) 28 can be applied to the user's skin

llayer in an osmllatlng manner (e.g., with a predeterm ned pressure
ring(s) Cyc[bbﬁi r out (e Rnetfdtiol mefbRF S5 R4 HRer ia&%h@d/&ldlﬂagpérﬁﬂﬁtb&'ﬁlet hat is

controlled via' | SF fl ow rate nmeasurenent and feedback) while the
penet r at i ortangetsite TS| sngedisi (ot shpwmintiiEs.dsar2) of pruetmtion yeemben2bwdler to

reside, for example, at an insertion depth in the range of about 1.5 mm to 3 mm below
the surface of the user’s skin layer at the target site. The pressure ring(s) 28
applies/apply a force on the user’s skin layer (indicated by the downward pointing
arrows of FIG. 2) that pressurizes ISF in the vicinity of the target site. A sub-dermal
pressure gradient induced by the pressure ring(s) 28 results/result in flow of ISF up the
needle and through the sampling module to the analysis module (as indicated by the

curved and upward pointing arrows of FIG. 2).

[0036] ISF flow through a penetration member’s needle is subject to potential
decay over time due to depletion of ISF near the target site and due to relaxation of the
user’s skin layer under the pressure ring(s) 28. However, in systems according to the
present invention, pressure ring(s) 28 can be applied to the user’s skin layer in an
oscillating manner (e.g., with a predetermined pressure ring(s) cycling routine or with
a pressure ring cycling routine that is controlled via ISF flow rate measurement and
feedback) while the penetration member is residing in the user’s skin layer in order to

minimize ISF flow decay. In addition, during application of pressure in an oscillating

manner, there can be time periods during which the pressure applied by the pressure




.mnimze |ISF flow decay. In addition, during application of pressure in an
oscillating manner, there can be tine periods during which the pressure
applied by the pressure 8 ring(s) is varied or the | ocal pressure gradi ent
.is renmoved and the net outflow of ISF fromthe user's skin layer is
elimnated. [00371 Furthernore, 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 . I SF through the sanpling and
analysis nodules and limt the time that any given portion of the user's
skin layer is under pressure, By allowing a user's skin |ayer to recover,
the appl i cabiP#® idyarjsd o dgleca] pregsyregaadiont Hirpmevedand the ngt awflow@liBds bl eni shes

on the USefns tikistr &dish BvdSEirSinRa@in and/ or disconfort. An additi onal
beneficial effect of apprying pressure ring(s) 28 in an oscillating manner

Is that I SF glucose lag (i.e., the difference between gl ucose

concentrati ,n a user. s | SF and gl ucose.concentratjion.din a user's bl ood)
‘s reduced. EH3s1 ow%eé%h%EB‘BF"'r alieagpe eapﬁl?cég%‘h? 1 PSR RS [ od i n
the art canto thkwseSeskin lagéri it the vidinipr FSld et sitd QarCaétlel tB Gontel tHeRsw 4fhat  serve
to reduce | SE glucose lag, a,user's pain/disconfort and/or the creation of
per si st ent ﬁithfobﬂl’eﬁ? ing ppd analysis pgdules ancdblipit hedimethat any @iven 28 can be
depl oyed (i pdetion ¢TI sk Rk S hS: b eg: ser's skin
| ayer in thpe&t\iﬁnci ni t'{lfklg;flﬁgn tfagfrgset Si {’%Sﬁf&ztﬂ)@‘mﬁgﬂgg‘ﬁﬁg‘ ﬁ%rl%%?{%é& seconds to
3 hours andreewar theeapphratiprof pressang i an escillapagsinanngnalse wdudes bleatishes essure i s

not being L.ed, . | ) . i rangi.ng from 30
seconds to @Qﬁ%br?gl-qh %?gsg\i‘/" gﬁ{lm%?&/ﬁlla&s]s‘{?gﬁﬁr[ (erE gér%éor?gggetngg?lgll €5@‘:tg(1qucose | ag
and a user' applyaigprebisare ang®) 28 inanesdllging inaasentid thatr I9H ghedsevilie(i.et, i anount  of
time during,uhich essure is applied. (i.se. h I me period . during which
ut Teast oriliRpice sRERS ifos SoRBRPRI ¢ e 1or 8 ey BRpmaaELe 30
seconds to aens bld6d)n Rk and the anount of tine during which pressure
is released (i.e., the tinme period during which the at | east one pressure
ring is retracted) is in the range of about 5 mnutes to 10 m nutes. A

par ticul arl pgodagnef i Ciople appHiSIHR Priddfk disbfltre! &fe!skifled tnsmgem | cation of
pressure for one mnute and the rel ease of pressure Por 10 m nutes. Since
di fferent alswana saristy efipressure eing sysding putingsphatiserye wrrgduce ISF glucose lag,

a user’s pain/discomfort and/or the creation of persistent skin blemishes. For
example, the pressure ring(s) 28 can be deployed (i.e., positioned such that pressure is
applied to a user’s skin layer in the vicinity of a target sitc) for a period of from 30
seconds to 3 hours and can then be retracted (i.e., positioned such that pressure is not
being applied to the user’s skin layer) for a period ranging from 30 seconds to 3 hours.
Moreover, it has been determined that ISF glucose lag and a user’s pain/discomfort
are significantly reduced when the amount of time during which pressure is applied
(i.e., the time period during which at least one pressure ring is deployed) is in the
range of about 30 seconds to about 10 minutes and the amount of time during which
pressure is released (i.e., the time period during which the at least one pressure ring is
retracted) is in the range of about 5 minutes to 10 minutes. A particularly beneficial
pressure ring cycle includes the application of pressure for one minute and the release
of pressure for 10 minutes. Since different amounts of time are used for applying and

releasing pressure, such a cycle is referred to as an asymmetric pressure ring cycle.

[0039] Pressure ring cycling routines can be devised such that the following

concerns are balanced: (i) having the pressure ring(s) deployed for a time period that




.releasing pressure, such a cycle is referred to as an asymetric pressure
ring cycle. 100391 Pressure ring cycling routines can be devi sed such that
the followi ng concerns are bal anced: (i) having the pressure ring(s)
.deployed for a tinme period that 9 is sufficient to extract a desired vol une
of bodily fluid, (ii) inducing a physiological response that mtigates |ISF
glucose lag, and (iii) mnimzing user disconfort and the creation of
persistent blem shes. In addition, pressure ring cycling routines can al so
be devised to provide for sem -continuous anal yte nmeasurenents that occur,
for exanple, every 15 mnutes. [00401 Pressure ring(s) 28 can be fornmed of

any sui t abl & SvHcent 1 exERghArletiFsd Vf’h’ﬁbeé’féf’d‘g’kﬂql‘is (il)ffn@‘m*?@ge?rﬁhﬁ'ﬁ@g‘célxarrpl e, the
pressure ri P&%&Qse e Gl 2R ISFUTRISEA g U Fii) Prdi@iZineSls¥r didcdinforlRidthd @l -

i ncl udi ng, not ed t o, acryFonltrlle but adi ene styrene plastlc

mat eri al , i njeatgen Qfmemledaﬁbmlsmsaém adglitrem;, pressate, nqg@bfslmgymémes erttadnoi al , net al
or _combi najl gahebebl. iFe LSRN ofiAOkE)s A0, G Tbs0, e, composed of
relatively FE51' e Pﬁ 8é¥orna RcTud I"'ng, not limted to,
eIastonerlCennmﬂamah§15nﬁmh¢nerlc mat eri al s, polyurethane naterlals | at ex
materials, silicone materials or conbinations t hereof [0041] An interior
openi ng defined by the pressure ring(s) 28 can be in any suitable shape,

i ncl uding byjosopt |1 Mb&hetifg(sP2e SR Formed 64 sultdlAREEHiAknodn &NaPE, U
shape, hexagonal, octagonal and crenell ated shape. [00421 Wen pressure
ring(s) 28 smfskgl @m@y@r@mﬁmmmmsmsmg(smca@léwynmeﬂ@fra control the
flow of 1SF.4 J on nenber
22 renains Efe g.%l& Ip&fﬁ é}mﬂ%lh@g%%gpn&%ﬂhgé&t e%ghlilnﬂ #ﬁﬁ user'
skin |ayer pﬂasticanatbml,pnpe;mnmldabhg(ls)lc Bfaterial, amlgstymnmﬂenz&bnﬂvle)r, when

pressure r|n : to mtjigate | l.ucose | ag, the
penetrati on® %‘P"ﬁg'ere(?%bﬁﬁ ﬁ%@?""?%‘?%ﬁ%gfa? alse qupofﬁg’fg%léqvezy skin | ayer.
Such i nt er niekiliendy defisrhdblo @fatedihal, ifdRidingEhR hbelinhitdd toRM3Rmedd nadliaBcCcuUr ei t her
in or out of concert with the appllcatlon of pressure by the pressure

ring(s) 28.Polparmperials, polyyrethgnapaienials, lajexomaterials, sfligepegnateriads orsy st em 10

i ncl udes a ¢ombinations thereof,

[0041] An interior opening defined by the pressure ring(s) 28 can be in any
suitable shape, including but not limited to, circular, square, triangular, C-shape, U-

shape, hexagonal, octagonal and crenellated shape.

[0042] When pressure ring(s) 28 is being employed to minimize ISF flow
decay and/or contro! the flow of ISF through the sampling and analysis modules,
penetration member 22 remains deployed in (i.¢., residing in) the target site of the
user’s skin layer while the pressure ring(s) 28 is/are in use. However, when pressure
ring(s) 28 are being employed to mitigate ISF glucose lag, the penetration member 22
can intermittently reside in the user’s skin layer. Such intermittent residence of the
penetration member 22 can occur etther in or out of concert with the application of

pressure by the pressure ring(s) 28.

[0043] Referring to FIG. 3, analysis module 20 of system 10 includes a
distribution ring 302, a plurality of micro-fluidic networks 304 and a plurality of
electrical contacts 306. Each of micro-fluidic networks 302 includes a first passive

valve 308, a glucose sensor 310, a waste reservoir 312, a second passive valve 314

10




,distribution ring 302, a plurality of mcro-fluidic networks 304 and a
plurality of electrical contacts 306. Each of mcro-fluidic networks 302

i ncludes a first passive valve 308, a glucose sensor 310, a waste
.reservoir 312, a second passive valve 314 10 and a relief valve 316.
Mcro-fluid networks 304 include channels with a cross- sectional dinension
in the range of, for exanple, 30 to 500 mcroneters. For nonitoring (e.g.,
measuring) glucose in a flowing | SF sanple, a plurality (n) of essentially
identical mcro-fluidic networks 304 (also referred to as sensor branches
304) can be included in analysis nodule 20. Distribution ring 302, first
passi ve val vedahef valygsle Maegrerfluad petgarks 3Qdinelnde ghannslsswithafrees-314 and a
relief valv . j L2 anal ysi s

modul e 20. F%ﬁ%’%iﬁik‘n:"y“@‘ﬁ.“‘I‘-'3%F”é‘ﬁgf‘fu?“5%%“5‘2%338r‘§5%%%¥§“?&%§3§% of skill in

t he art canmbeitoringit.gyseasunngiglopss ® aftokihelSFaarapledi plgrality (hhef pr esent

I nvention. Jucose.sensor.310 .can contain,, for. exanple, a, redox reagent
system i ncl ﬁ?ﬁ?’ﬁ‘éﬁ%wg’éwgwr%f yidic I}e@mfgs %c(f’lis\’/éef%'ﬁ’ﬁﬁg%fﬂ’(sé’f bBPChfEdi at or (s) .
A variety oBodichi & inEthdemEfl afdliSmodie X0) OWBtribGtidn¥ag 300! firstPaSdivenalve
ferricyani de, phenazine ethosul phate, phenazi ne nethosulfate,

pheyl enedi a8 ¥astq reservois |2, Serond Prsswe valtm d L4 and aprelief yalge 3i6ate hy| - 1, 4-

benzoqui non@onﬁ%;xlédicgéoﬁph%?‘ﬂo% ‘ﬁ’“?%‘? e%:gjsq,%]e Jfperrocene derivatives,

osm um bi pyri conpl exes, an um conpl exes. Suitable enzynes for
t he assay of glucose in whole blood include, but are not limted to,

gl ucose oxi and dehydr nase_(bot.h NAD and RQQ based) . her
subst ances ﬂﬂg may Bdg'yﬁﬁgasbg%%wfoﬁe S‘{"ﬁoerkrng o%tr%%sggoé%msaéféﬁ]c ude

buf f eri ng ageplbged(if athlysisthbédudesQbairding ti the preent iGdntion. GlabwisensofB) phosphat e
buffers);' dival ent catioqs Qg*&., calciunlcploride, and nagpesium
chlori de); AN<PHEmafor Exqmple aredax;rpagant skgter including ag sneymegn gredo

'0Xzonyl , and

Pl uroni c); afde sérAfubiE) SMABROS. AS:aflety oPUiPleRthimedidors 8% notvh @@k OSe,
mannitol and |actose). [00451 In the circunstance that glucose sensor 310

is an el ect #b-sudheaviferriFyanislgsrhenagingghosulpkate ghenaging methesuddi¥sor 310 can
b e 21 GhShg UGl AR o AR e 7 eserce o
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
dehydrogenase (both NAD and PQQ based). Other substances that may be present in
the redox reagent system include buffering agents (e.g., citraconate, citrate, malic,
maleic, and phosphate buffers); divalent cations (e.g., calcium chloride, and
magnesium chloride); surfactants (e.g., Triton, Macol, Tetronic, Silwet, Zonyl, and

Pluronic); and stabilizing agents (e.g., albumin, sucrose, trehalose, mannitol and

lactose).

[0045] In the circumstance that glucose sensor 310 is an electro-chemical
based glucose sensor, glucose sensor 310 can produce an electrical current signal in
response to the presence of glucose in an ISF sample. Local controller module 14 can
then receive the electrical current signal (via electrical contacts 306) and convert it

into ISF glucose concentration.

[0046) System 10 can be employed for the continuous and/or semi-continuous

measurement (monitoring) of glucose in an ISF sample for a period of eight hours or

11




.then receive the electrical current signal (via electrical contacts 306)
and convert it into |ISF glucose concentration. [00461 System 10 can be
enpl oyed for the continuous and/ or sem -conti nuous neasurenent
.(rmonitoring) of glucose in an I SF sanple for a period of eight hours or |
nore. However, conventional glucose sensors that can be econom cally mass-
produced provide an accurate neasurenent signal for alifetinme of only
about one hour. In order to overcone this problemof limted sensor
lifetime, a plurality of mcro-fluid networks 304, each containing an

i dentical glucose sensor 310, are provided in analysis nodule 20. Each of
t hese gl ucoBeres dipssier. conventionahalropesepsorciipisan be papaomicalemasso provi de

conti nuous ?l%%cgﬁgﬁ)%me_aﬁmeﬁlgﬁu#m‘l@h%s?‘ﬁapﬂ)rEgretiﬂle d?ohi oafon?Dre than one

hour. [0047 onsecutive use 0 ca ucose sénsors (each for a
limted pehowd Inbrder towyerserod thasproblemied imjted seakirddetane; epluralitpos or

sem -conti nuous asur.e t. o | ucose. . The nsecutiv se of identical

gl ucose seng’bﬁr%'ﬂlf@ﬁ’e rksinﬁgl W&ﬁ%&ﬂmﬂ%%lﬁe’&ﬁ'%ggg‘hos? ﬁeéIS?ﬁ%r%g’ ¥Fow of 1SF from
a sanpling pldidb®intaa¥EEisimodule 30.UERSOf dRESEHico3d &nkdds isenipdbyedth of ti ne,
followed by interrupting the |SF flow to that, glucose sensor _and swtching
the | SF f| oWnESUHYONHIET 19|PIRIGLSCoOBHMOYS andfgysemi-eRtBRRUS FRApEotRe e gl ucose
sensors can,hedLeRealh dHathblr. €ach gl ucose sensor included in an analysis

nodul e has Been used. 100481 The switching of the ISF flow to consecutive
gl ucose sensors can be acconplished, for exanple, by the follow ng

pr ocedure. I nitiqall ' VS| i SF, sanpl e from
sanpl i ng m)h@ﬁs] 18 iéﬁ Fé@%‘%‘%ﬁ?gj O\t;l?ﬂé]:%%?éltﬁ?%gﬁs%ﬁ%?%Flrllg&:fd%%%% "n" sensor
branches 30gerioHiofdiviersucl &3ank howy) afableSk cotinhadstoe demiadontinuouwal et end of each

sensor branch by the first ssi ve val ve 308 of each sensor ranch. To
Stare the: mkTEmenar aeos 18 emsecnle e of wlim Sl S350 SERER P Phat vt od by

openi ng t heigpidmhdted b puRlingled ifdordifoflovs 6NSEfroal 2aeipling iddpleaswsads #f openi ng
a selected relief valve can be electrically controlled bﬁ | ocal controller

modul e 14, Slafesnseneasififrapeaed of e, follempd by invaaimiiee Be INF Howitedet i cal
contacts 308ycdgPUAsFRGR swHkHg the ISF flow to another glucose sensor. This

consecutive use of glucose sensors can be repeated until each glucose sensor included

in an analysis module has been used.

[0048] 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 first passive valve 308 of each sensor
branch. To start the measurement of glucose, a selected sensor branch is activated by
opening the relief valve 316 of that sensor branch. The process of opening a selected
relief valve can be electrically controlled by local controller module 14, which
communicates with analysis module 20 via electrical contacts 306. Upon opening of a
relief valve 316, gas (e.g., air) that is initially present in the sensor branch 304 (which
is hermetically sealed) escapes at an outlet end of the sensor branch 304, and, as a
result, ISF will flow into that sensor branch 304. As the relief valves 316 of the other

sensor branches 304 remain closed, the ISF is allowed to flow only into the selected

sensor branch 304.
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.relief valve 316, gas (e.g., air) that is initially present in the sensor
branch 304 (which is hernetically sealed) escapes at an outlet end of the
sensor branch 304, and, as a result, ISFwll flowinto that sensor branch
.304. As the relief valves 316 of the other sensor branches 304 remain
closed, the ISFis allowed to flowonly into the selected sensor branch
304. 12 [0049] The pressure of the ISF is sufficiently large to breach
first passive valve 308 and will, therefore, flow towards gl ucose sensor
310. A measurenent signal is subsequently created by glucose sensor 310 and
communi cated el ectronically via electrical contacts 306 to the |ocal

control l er W88l e 14 Thagrega oiteadShys suiiiciepilytiaree todrpaghdirst passive,  3) . | SF
continues Ty, 49 mﬁi1§M§Jf&e%%wfaf‘o%egidé%erser?s%?md Ufgi‘g%d%m of which is

predeterm ned such that 1t can contaln~an anount of equi val ent to that
needed t hr osigihal iskebsgueotsaesehinogli®st schedri 31 and-amnweeaiddelecabnitdlly aver age

flow rate of. .about 5Q n lit.ers per . m.nute a glucose sensor.lifetine
of “one. hourvia FRESUA e SR 0 PSPl B G S R R el y 3

m cr ol i t er SarrovsSEFIR 3). PBFSoNtthu¥eflonging addlerités watdtegdvalt 31 thetRtingf the waste
reservoir 312. The second passive valve 314 is confé*gured to stop the flow

of I SF. [ 00%0yhichs prsAeierannsdsuehiBal ibemcrRglangnoaat ITeqvalent @ithatt val ve
316 of anofhgl (RelsPrhe gru@&%faa?a%s 1}11#943;99._ B Xorhpi¥ St Yae QREA L oW BitSof €1 1 ef

val ve 316 (which cah be acconplished via comunication by the |oca
control | er abouifi0enandljters p@rminiite jand 4 plcose nensort lifetinoefane howrlthegyobenesor br anch

304 after b hi ' Y . I L. sensor
br anch. Thé%ea%?gggn®E§1%Pﬁggggg@%ﬁéﬁ?%gk%%gggﬁﬁ%tRE%%%@fﬁ%P%EC © will
provi de a nHdsulestahit tis epd af the ovasta adsyiybi 3D dThese@thd pp@OEalvERBI 4 ispr ocedur e
Is repeated uptil all s&n@gr Hggnches 304 of. anal ysis nodul e 20 have been
used. For a°°§6%”t“é4ﬁ°tsf?p VP88 @bout ei ght hours of continuous gl ucose
nonitoring, about eight sensor branches 304 will be required in analysis
nodule 20. It will be appreciated by those skilled in the art, however,

that the an@3Mis nmbbupeceyredhensioatiysaby ererimercf padiel WV 36mft 1inited to
e ght sens o@aagaﬁéa?lﬁreage d4h@pon sa&%@l?g?&,mgm rél¥F VAN SR \WhkndGR1 gned to

measure | SF gl ucose s for |onger
be accomplished via communication by the local controller module 14), ISF will flow

into the corresponding sensor branch 304 after breaching the first passive valve 308
located in that sensor branch. Thereafter, the ghucose sensor 310 of that sensor branch

will provide a measurement signal to analysis module 20.

[0051] This procedure is repeated until all sensor branches 304 of analysis
module 20 have been used. For a system to provide about eight hours of continuous
glucose monitoring, about eight sensor branches 304 will be required in analysis
module 20. It will be appreciated by those skilled in the art, however, that the analysis
module 20 of disposable cartridge 12 is not limited to eight sensor branches and that,
therefore, the system can be designed to measure ISF glucose levels for longer (or

even shorter) than eight hours.

[0052] Local controller module 14 is depicted in simplified block form i FIG.
4. Local controller module 14 includes a mechanical controller 402, a first electronic
controller 404, a first data display 406, a local controller algorithm 408, a first data
storage element 410 and a first RF link 412.
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.even shorter) than eight hours. [0052] Local controller nodule 14 is
depicted in sinplified block formin FIG 4. Local controller nodule 14

i ncl udes a nmechani cal controller 402, a first electronic controller 404, a
-first data display 406, a |ocal controller algorithm408, a first data
storage elenment 410 and a first RF link 412. 13 100531 Local controller
nodul e 14 is configured such that it can be electrically and nechanically
coupl ed to disposable cartridge 12. The nmechani cal coupling provides for

di sposabl e cartridge 12 to be renovably attached to (e.g., inserted into)

| ocal controller nmodule 14. Local controller nodul e 14 and di sposable
cartridge 18053 e codrrysrrrelstmpdtipds is spaiewrsadsush thyt it sambrelectriqaly skin of

a user by, wm&ﬁmﬂ@,wﬁ;le{%r&s@osﬂbéﬁﬂw TR infelhafalepliid!e conbi nation

of the disposable cartridge 12 and |ocal controller nodule 14 onto the
user's ski nproydesipn dispesabig cariige 2 toylyt remmotably dttacisad te (et ingerted intwint r ol | er
404 control g t,he Sur, t, cyele of the | vsi.s nodul e 2 s descri bed
above. Com‘rE)ﬁ?lccg?tlmon mBCeh?lS\/e‘g‘n %g%nﬁgg%tr?%u%g% %@3&?!’%”%‘%%‘9 i1 posabl e
cartridge laretalkfiparedisacethatithey cah Be httdched toahdkicodfR usbboyofor ammiplgias nodul e 20

(see FIG 3). Electrical contacts 306 can be contacted by contact pins 708
(see FIG 7%““Bfmtaﬁ’é"‘npffc‘¥llpc SREELhe Sembigatimme the lsﬂgf*g’iﬂ[ ége]szi"ﬁ'ﬁal s are

sent by thepkAeardiePnb@llt 8 oftBthelRerdldskip anal ysis nodule 20 to, for
exanpl e, selectively open relief valves 316. Electrical signals

representing the glucose concentration of an | SF sanple are then sent by

t he anal ysi dul e . 4l tronic
controller g%%ainterpret ﬁ?ﬂ%&%ﬁ%?gﬁar%%%%ﬁgﬁg?ﬂgkplgﬁ%gggFﬁéﬁgtrolIer
al gori t hm 4@&semohenti cyple af the mpalysin rendul¢ 2G) at desoribed abbves tCotlamaicatips pl ay 406

(which is readabl.e he user). In.addition, neasurenent data (e.g., |SF
gl ucose co n@eg‘ﬁ?epé?ﬁag%m&fgﬁg)m@gﬁ I gnd ?‘5? ‘és&t’@ il A'F"{%?B é‘ﬁ? %&gﬁeo\p%g e el enent
409. [ 0055)eléytiidal cdnfactiBE6 ofiinalyRid Sesdiutl 20NESEIGE3 ) BldckricdDRnh2ts 1306 tanser t ed
into local , control]ler nodule_14. This_insertiqgn provides for electrical

conmuni cat i BrFop@FiR Bncontack pias 2 (seecklf: ) gl lpeal seprallsmpduls - r ol 1 er nodul e
14. A nmechapigatal Signdls St k&l b¢e lodalcdnBlérAacHuleCRNb bR moRA B0 14 securely

hol ds the disposabl'e cartridge 12 in pl ace )
for example, selectively open relief valves 316. Electrical signals representing the

glucose concentration of an ISF sample are then sent by the analysis module to the
local controller module. First electronic controller 404 interprets these signals by
using the local controller algorithm 408 and displays measurement data on a first data
display 406 (which is readable by the user). In addition, measurement data (e.g., ISF

glucose concentration data) can be stored in first data storage element 409.

[0055] Prior to use, an unused disposable cartridge 12 is inserted into local
controller module 14. This insertion provides for electrical communication between
disposable cartridge 12 and local controller module 14. A mechanical controller 402
in the local controller module 14 securely holds the disposable cartridge 12 in place

during use of system 1.

[0056] After attachment of a local controlier module and disposable cartridge
combination to the skin of the user, and upon receiving an activation signal from the
user, a measurement cycle is initiated by first electronic controller 404. Upon such

initiation, penetration member 22 is launched into the user’s skin layer to start ISF

14




-during use of system 10. [0056] After attachment of a |local controller
nodul e and di sposabl e cartridge conbination to the skin of the user, and
upon receiving an activation signal fromthe wuser, a neasurenent cycle is
“initiated by first electronic controller 404. Upon such initiation,
penetration menber 22 is |launched into the user's skin layer to start |SF
14 sanpling. The launching can be initiated either by first electronic
controller 404 or by mechanical interaction by the user. [00571 First RF
link 412 of local controller nodule 14 is configured to provide

bi -di rectional .communication between the |local controller nodule and a

renote contPlingr Thiolawncainggan beingialed ejthey by first gleciropie eontraflersiid opby i Gs.

and 4. The L ,09ahicalGRetb@id Withomdyl e incorporates a visual indicator (e. g

a mul ticolor LED) indicating the current status of the system 100581
Local controller nmodule 14 is configured to receive and store neasurenent
data from to inter e | dge 12.
For exanpl efw%(]cal co}ﬁf“aﬁf |“¥k “ﬁ g(ﬂ{pgw%ﬂﬁ‘can d"li(.:éolrll‘slé ‘3"3} ?@gfﬁo %&léér t a
measur enent blaiugaainaf dobirmaniakiys baweandhid Bcdl @ontndler modiiSknda rdpabod gl ucose

concentratron v 00591 Fl G, 5 shows a si I.fied hlo ram
depi cting reRb o @depwg@y@eﬂggg?agg‘gml%é 1 aﬁg tclg' g?fﬁ rol | er
nodul e 16 ié&hﬂﬂ%@%@u REEQHShrAL LI EANINGicaePld. O hEKicHO2LED) maesng RF |ink

504, a second data storage elenent 506, a second data display 508, a
predi ctive @f gurant statusefthe grftell arm 512, a bl ood gl ucose measurement system
(adapted to neasure bIood gl ucose ut|||2|ng bl ood gl ucose strip 516) and a
data carrying elenment 518. [00601 Second el ectronic controller 502 is
adapt ed t o [#058]r ol v&obﬂwﬁ@m@émt%isubnﬁmter@gmm$tene modul e 16.

Second RF |ink 504 { B nfi gqur ed | - Ke) C lon with the

| ocal cont r'8f#° 'érFmﬁBd%fA l%fﬁ’ "?g“’ mfemgé‘éeq ?(wrlg’cflzis&g]rwcrcé‘gtglh fe | SF

gl ucose CONEEIHok atdngile, ﬂ(&iabéoadolﬂﬁtrr&)dﬁlédmchm&ad:onﬁgmbﬂﬁi écﬁﬁermi)dul e 14). Data

recei ved via second RF |jnk 504, can, be valldqgﬁ ﬁ, i fied by second
measurement signal from analysis module 20 into an ood glucose

concentration value.

{0059] FIG. 5 shows a simplified block diagram depicting remote controlier
module 16 of system 10. Remote controller module 16 includes a second €lectronic
controller 502, a second RF link 504, a second data storage element 506, a second
data display 508, a predictive algorithm 510, an alarm 512, a blood glucose
measurement system (adapted to measure blood glucose utilizing blood glucose strip

516) and a data carrying element 518.

[0060] Second electronic controtler 502 is adapted to control various
components of remote controller module 16. Second RF link 504 is configured for bi-
directional communication with the local controller module 14 (e.g., second RF link
504 can receive ISF glucose concentration related data from local controller module
14). Data received via second RF link 504 can be validated and verified by second
electronic controller 502. Furthermore, the 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 controlier module 16 can be, for

example, a graphic LCD display configured to present measurement data in a
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.electronic controller 502. Furthernore, the data so received can al so be
processed and analyzed by second electronic controller 502 and stored in
second data storage elenent 506 for future use (e.g., future data
.retrieval by a user or for use in predictive algorithm510). Second data
di splay 508 of renote controller nodule 16 can be, for exanple, a graphic
LCD display configured to present neasurenent data in a 15 conveni ent
format to a user and to present an easy to use interface for further data
managenent. 100611 The | ocal controller nodule 14 is adapted to comuni cate

via second RF lin 4 to a renote control| er 1 ctions of
renote cont FOIVFREFE a‘fsrq‘"ﬁé‘i’ﬁr&%e"fﬁeea&:l’?msﬁwﬁﬁé Eo{g‘}"l ?\d processi ng

of glucose pRAsdmeAENt data in a presentable and conveni ent format for the
user. Renote controller nodule 16 can also provide an (audible, visual
and/ or vibratory) alarmvia alarm512 for warning the user of deleterious

gl ucose congRBLY at | Ofe dhal ikt ldMR {4 acl LA GAA h Libngrodul e 16

is to nmeasu e user ucose concent I on usi ng gl ucose
nmeasur enent RE Yisk 664 Hladremntt camsollegmedtus @6.bFwotormglofi cosde camtrolicrenaiude stri p

516. Bl ood, gl ucqse val ues asure | ucose neasu nt system 514
oan be ueelf PEge Tl Ber s o et ES! KO PRy (A bt s ve
al gori t hm 53@senBR8ring cmﬁ@ﬁlﬁaﬁﬁbhﬂt fdmchuser Feenfobd codtrlter BtbdaieMbicghlales t 0
provi de for user specific data , .event tags, state of m nd and

medi cal  dat BIpVide apEaudibice visepl aemoraabrgte&’)a{agesefimem forepmipg thedernpdul e 16

is confi gur&%e%&upgmé&@k&ceﬁ&a&mﬁ@% FiRthe CRAMTIOA bE bRt dnfoll@GRddufeont r ol | er
nodul e 14 (e.g., to receiving (ggiucose nmeasurenent data from | ocal

control | er Hodie medstye 2 Reripbleo mqsemrepnmauwm?odgiw ore, provides a
user wth am§ lm% %&?te&%“%‘d fH{n%PL?etJIS’%i’ESJc%e BRI d;”ﬁ%se

noni t ori ng- re “a playl'ng an cessi ng of
gl ucose noRicbd glungaervaluas mehsozt &y bland gtuansse lreasnsanaknt sysfermﬁ 4taanée t her apy

.e., insulin ration Funct | of her optrol l er nodul e
(1I6 can : nzr‘ﬁ:ﬁ d1q YFé‘ Ellﬁ?‘ﬁmﬁl?"folr?&vglg?sc#{gﬁ%{eaﬁ?sﬂpfffl %%@%?{ER‘Bs 'ﬁsﬂerﬁ?'ﬁcose da;J a
and the di sfnayli@imddg Mo@@ﬂlsoﬂéMﬁg&e&ﬁiptevlﬁﬁfoﬁuﬂeaﬁﬁdxﬁklaﬁm& gF gl ucose

data. By incorporating such functions i
event tags, state of mind and medical data) to be entered and parsed.

(0062] Remote controller module 16 is configured as a portable unit and to
communicate with local controller module 14 (e.g., to receiving glucose measurement
data from local controller module 14). Remote controller module 16, therefore,
provides a user with a simple and convenient platform for managing glucose
monitoring-related data (e.g., storing, displaying and processing of glucose
monitoring-related data) and can be used to fine tune therapy (i.e., insulin
administration). Functions of the remote controller module 16 can include the
gathering, storing and processing of ISF glucose data and the display of the blood
glucose value calculated from ISF glucose data. By incorporating such functions in
remote controller module 16, rather than local controller module 14, the size and
complexity of local controller module 14 are reduced. However, if desired, the remote
controller module functions described above can be alternatively performed by the

local controller module.
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.renote controller nodule 16, rather than |ocal controller nodule 14, the
size and conplexity of local controller nodule 14 are reduced. However, if
desired, the renote controller nodule functions described above can be
.alternatively performed by the 1local controller nodule. 16 100631 In order
to facilitate a nmeasurenent of the bl ood glucose level in a blood sanple
(BS), blood glucose neasurenent system 514 is provided as an integral part
of the renote controller nodule 16. The bl ood gl ucose neasurenent system
514 nmakes a neasurenment with a bl ood glucose strip 516, on which a bl ood

sanple (e.g., a drop of blood) has been placed. The resulting bl ood
gl ucose neadMi6dhent daerdseto eiliats earetspregienicd she blegd mlurossdlevallime ed by

predictive 31&95&5%1&@%&9&%& ﬁ@g}gﬁn&m}sm f!lﬁriﬁ SRyl £, 18 igt?%appt ional |y

i ncorporate a co aton”port as "a serial® comuni cation port (not
shown i n FI @art &fjthe reBuntd @lnlrellaomniuiz Ivatlihe blopd ghisosa heeasoanowent systanh®ldart, f or

exanpl e, an 232 (I EEE st.andard) .and a .Universal Serial Bus. Such

communi cat i BREES TS UEREHSY ‘ﬁbg@P? glucéod%ﬂpgg l%é’f’ ‘@’k“ﬁ@ﬁ’t‘?ﬁg‘a’g‘!’ {&8-8ata to an
ext ernal datipSEPREGHS bedh)Biced) TR g HEUH dhilobErhediMemER chf bal SO

I ncor porates a programuable nmenory portion (not shown in FIG 5), such as

a repr ogr anfRmpaEedtp ghioseaiaiies caleldtedhby predighivealgrithe PWogr anmed via a
comuni cation port. A purpose of such a nenory portion is to facilitate
updates of an operating system and/or other software el enment of the renote
control l er 964l e vi Rerptewantrobertmawivlet Iorcan ghticnhldy iocorperate@at i on port. [00651

The renote controll.er ul.e 16 n further incl e,a Cco npcation sl ot
(he " o SqhiftaEh pl P o el otbfunliShion M HSGLEERTFIRILE L OF 5 ©

t herewi t h. Baitablecammunitgtiel porsnte Knb8mdmthelas, fonyxasipld abRS2IPAIREEar ryi ng
el ement known in the art, such as 'SIM data carrying el enent, also
known as " sFiidprdy AR ?Umi’ﬁﬁﬁleélé’”ﬂa]?‘b?' %&Fl}iﬂnﬂﬁ'mé‘fa@ﬂ%mnsﬂ%g%ﬁﬁ e provi ded
W th a di spafpllforcapbihgBred Hata3d1sh S3dinA At MaRaghe bhe reabler | dge
production | ot specific data, such as calibration datfa and | ot

i dent i fi cat fesiTolkenmndule HpsoriaraspasatevprogRmERblsamosy pastieninot shewd in he dat a
cont ai ned Opy13] qudds b YigrSerhfHBIR flashBedsly poHiGh, HAL EARoREmBRR VRY ed
a communication port. A purpose of such 2 memory portion is to facilitate updates of

an operating system and/or other software element of the remote controller module via

communication through the communication port.

[0065] The remote controller module 16 can further include a communication
slot (not shown) for receiving a data carrying element 518 and communicating
therewith. Data carrying element 518 can be any suitable data carrying element
known in the art, such as a ‘SIM’ data carrying element, also known as “smart-chip.”

[0066] Data carrying element 518 can be provided with a disposable cartridge
12 and can contain disposable cartridge production lot specific data, such as
calibration data and lot identification number. The remote controller module 16 can
read the data contained on data carrying element 518 and such data can be employed
in the interpretation of the ISF glucose data received from the local controller module
14. Alternatively, the data on data carrying element 518 can be communicated to the
local controller module 14 via second RF link 504 and can be used in data analysis

performed by the local controller module 14.
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.in the interpretation of the |ISF glucose data received fromthe | ocal
controller nodule 14. Alternatively, the data on data carrying el enent 518
can be communicated to the 1ocal controller nmodule 14 via second RF |ink
.504 and can be used in data analysis perforned by the |local controller
nodul e 14. 17 [00671 The second el ectronic controller 502 of renote
controller nodule 16 is configured to interpret data, as well as to
perform various algorithnms. One particular algorithmis predictive

al gorithm 510 for predicting near future (within 0.5-1 hour) glucose

|l evels. As there is a time difference ("Iag tinme") between changes of

gl ucose colO8Tk r at i otkepsrondelegiroisrontrolien a03 elupmaisontrlles Broduls d8itli ng -
change of gl4&@sed &ﬂf&g;ﬁ&ltd% L 4sQRL1l 8 18 R ioritif o;EquaS’ﬁ ve

al gorithm 510 usesta S rleség? natﬁeﬁ%?#@g?ggﬁir tions per or%%% on the
st or ed neasslg@ithmtis prdigtivealgonkmn § Hi for pmdicbugoean 8xure fpittan Pisel barpnet er s

refl ecting i,ndividual | t.i relati onshi ps. .. out.cone af. the
bredtctive BgY KR a3 Bt Rme S Rierdr b e F B e SSarS o0 P e based
on the | SF ghuambation &\kd blodd oftiicuspr adithd dorespohgding chdage biflugysedi cts | ow

gl ucose levels, a si be raised and al arm 512 activated to warn the

|
user of a pfEEtRHeD mgﬂﬁ&%?@@i“&%v gvie algeeithm d14seppsfied R a or ri sk of
conma. As W fnhthBgafaPsRENiBASHBMNed AAREst6l hleSfirdnient BRa & thie tle al arm 512

may be conprised of any suitable signal including an audible, visual or
vi brat ory siagert usepapagifisparametsesrreflesting individiial lag timg reJatianseips.uEka ' s heal t h
care provid f"ﬁ‘.lqi i&ive B0 Ahn . ' \ p a
sl eepi ng usgl{tcogﬁgoount é%lﬁgég%ﬁypog y@%@%‘%@g%@%@g&b#ﬁ%@ﬁf erence

bet ween an baséd gl the iRFegivambailevd] c Fninepredietiveatgoritiim a1 predjctsdow glwoeset in ti ne

and a bl ood, gl.ucose val pe (concentrat.i.on t, the sane nopent ..in tine is
o err ou” olefs BRiln b phe R 1280 b W3 s SE R Pedicted: oy
attributed gHysibRiltandiaisadhag hopghrasdiate elkiaof sala. FRUFIl®S apprédatelpsi ol ogi cal
source of lag in ISF glucose is related to.the tinme it takes for glucose
to diffuse Hewskidlsdinhe ar thiglarmy 2imaybe cpmprsed of any syitahle sigali n | ayer. The
mechani cal $u4iRE apﬁudia%g%sgalro%bﬁmdyfs@aﬁ WEmiRlhRd 1R \ef@cAf oriBed O

obtain an | SF sar‘rPI e. [ 1 Enbodi rents of devices, systens” and mnet hods
accordi ng tw@et'hkealth care provider. An audible signal is preferred, as it will wake up a

sleeping user encountering a hypoglycemic event.

[0068] The difference between an ISF glucose value (concentration) at any
given moment in time and a blood glucose value (concentration) at the same moment
in time is referred to as the ISF glucose lag. ISF glucose lag can be conceivably
attributed to both physiological and mechanical sources. The physiological source of
lag in ISF glucose is related to the time it takes for glucose to diffuse between the
blood and interstices of a user’s skin layer. The mechanical source of lag is related to

the method and device used to obtain an ISF sample.

[0069] Embodiments of devices, systems and methods according to the
present invention mitigate (reduce or minimize) ISF glucose lag due to physiological
sources by applying and releasing pressure to a user’s skin layer in an oscillating
manner that enhances blood flow to a target area of the user’s skin layer. ISF
extraction devices that include pressure ring(s) according to the present invention (as
described in detail below) apply and release pressure in this manner. Another

approach to account for lag in ISF glucose is to employ an algorithm {e.g., predictive
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.present invention mtigate (reduce or mnimze) |ISF glucose |ag due to
physi ol ogi cal sources by applying and rel easing pressure to a user's skin
| ayer in an oscillating manner that enhances blood flowto a target area
.of the user's skin layer. ISF extraction devices that include pressure
ring(s) according to the present invention (as described in detail bel ow)
apply and rel ease pressure in this manner. Another approach to account for
lag in I SF glucose is to enploy an algorithm (e.g., predictive 1R algorithm
510) that predicts blood glucose concentration based on neasured | SF

gl ucose concentrations. [0070] Predictive algorithm510 can, for exanple,
take the geﬁlgP'é‘Ihmf%P}@at F{‘%ﬁ@f &0?? glugase é?’fcf‘i‘tﬁ‘?‘@? gsef on mepsiredISFon ¢ er x)
Predi cted bhpesl.ghitcmsfions.f (I SF[err] where: i is an integer of value
between 0 and 3; j, n, and mare integers of value between 1 and 3; Kk and
p are integers of value 1 or 2; ISF, is a neasured |ISF glucose value with

t he subscri 1) indcatin M@;o I .S ' ed to, i.e., O
= current VQ#O aé] 1 :q%?fﬁelavg 1&8 ac}f},oc?&:fx X\)H\Ig]pi\‘/aa?%:%@%%%%ﬁﬁné.; rated is

the rate of change between adjacent |ISF values with the subscript (i)
referring to which adjacent |SF val ue e _used to galculate the rate,
i.e., 1 =rate bet “E?ﬂ['l?lg gl\“@ﬁe\?zﬁlﬁ'{é’ﬁ’ﬁ%l’l?"ﬁ@[eﬁ‘r’é%e@ﬁg"q%ﬁ’ al ue, 2=
rate bet weeghéhe | SF val ues one previous and two previous relative to the
current I SF value, etc.; and Tg[errkrate[err I's the noving average rate
bet ween adj acent averidgasinger ¢fvalupbeiyged andsk val ues, with the subscripts

(n) and (m referring f0,GH ack iReddtBPGhuObetwkenn Ml3u€s included in the
A  Of T 3

novi ng average and ( the time position of the noving adjacent average
val ues rel ative to t lkendprrentegerabireduedsor2ol | ows. [0071] The general form

of the predictive al ggg it NLg 3148 Hise FAIRLRRE AbsRlipt (i) indicating

which ISF value is being referred to, i.e., 0 = cumrent value, 1 = one value back, 2 =
two values back, etc.;

rate; is the rate of change between adjacent ISF values with the
subscript (i) referring to which adjacent ISF values are used to calculate the rate, 1.€., 1
= rate between current ISF value and the previous ISF value, 2= rate between the ISF
values one previous and two previous relative to the current ISF value, etc.; and

mayrater, is the moving average rate between adjacent averages of
groupings of ISF values, with the subscripts (n) and {m) referring to (n) the number of
ISF values included in the moving average and (m) the time position of the moving

adjacent average values relative to the current values as follows.

[0071] The general form of the predictive algorithm is a linear combination of
all allowed terms and possible cross terms, with coefficients for the terms and cross
terms determined through regression analysis of measured ISF values and blood
glucose values at the time of the ISF sample acquisition. Further details regarding
predictive algorithms suitable for use in systems according to the present invention are
included in U.S. Patent Application No. (Attorney Docket No. LFS-5007),

which is hereby incorporated by reference.

[0072} As will also be appreciated by those skilled in the art, the outcome of

the predictive algorithm can be used to control medical devices such as insulin
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.all allowed terns and possible cross ternms, with coefficients for the terns
and cross terns determ ned through regression analysis of neasured |SF

val ues and bl ood glucose values at the tinme of the | SF sanpl e acquisition.
.Further details regarding predictive algorithns suitable for use in
systens according to the present invention are included in U S. Patent
Application No. (Attorney Docket No. LFS-5007), which is hereby

i ncorporated by reference. [0072] As will also be appreciated by those
skilled in the art, the outconme of the predictive algorithmcan be used to
control nedi deV|ces such as (nsulin 19 delivery punps. A I cal

exanpl e of %‘E{%EW&HE‘P%r tpagl examp aaaaneﬁﬂg‘af Baa@&diegﬁnn})nmasaéégmhm

out come is RGN BUtQfneds e vbEnRlofh BaRE bRinkWin6 bafdHhmisti&I 8d kg a user at
a particular p0|nt in time. 100731 The conbination of |ocal controller

nmodul e 14 aﬂ@P@lﬂGp‘@SHmﬁent@a{trl dge 12 can be configured to be worn on the
skin of a user in order to sinplify sanpling and nonitoring of |ISF
extracted fromthe user's skin |layer (see FIGs. 6-8). [00741 During use of
t he syst em @oajdi nenﬂ"haﬁmﬁ%biﬁiaionbfﬂ:@al anspidxs alvldele 14 and displgabld?2 i s | ocat ed

within and contro]le ntroll e dul e 14, addi tion, the
conbi nat i on®3gFdgs sz‘(‘}ggﬁ%g‘é“ 'f'eflll‘? ‘goTé’nafh‘aqﬁD USEL ‘Htof%lr Y™ Rydul e 14 is
configured ap hﬁgMﬁﬂorbﬁénﬂgb'ﬂSFext%c@Jdeﬁc&m}iélﬁﬁ’stshﬁ‘llb&%p@a@epﬁlst6185 the user's
arm or forearm The | ocal controller nodule 14 is in electrical

communi cation with the disposable cartridge 12 for purposes of neasurenent

control and rece gﬁl},@ nodul e.
{00751 Refe lc]ﬂ{g to Pﬁgﬂgmem?g}%gﬁg%%n})o n{&m?mué gqﬁ%%?%ges a first

data di spl aytridgol 2am theated withinghd sttrtt@[lisd Bpcilgontalienmhddat4.oln t he | ocal

controller ule 14 to the.arm | sposabl e
cartridge 1agi%gppbtpe f%nl?“ﬁ Lepe f% Sa}le @ar':{-?d%e 12 %ﬁo?ag ﬁln%ﬂﬂdﬁ%&é %‘ Q [ 00761
FI G 7 shovwenfiglied foigviire by Dbiset, fpeefbmblglonmmﬂppaiﬁaﬁtrof fhedisérés aivh gpri or to the

insertion of the di sposable cart I, 12 into.an insertion.cavity 704
provi ded inforeP%a'FhECIB?ﬁF?ﬂ"i"Q?r 3 ip jn elggiHical capmuniftion wathit E‘? dge 12 and

I ocal cont r@idogibld@sHHE: 12 for purposes of measurement control and for receiving

measurement data from the analysis module.

[0075] Referring to FIG. 6, local controller module 14 includes a first data
display 406 and a pair of straps 602 for attachment of the local controller module 14
to the arm of a user. FIG. 6 also depicts disposable cartridge 12 prior to insertion into

local controller module 14.

[0076] FIG. 7 shows a bottom view of the local controller module 14 prior to
the insertion of the disposable cartridge 12 into an insertion cavity 704 provided in
local controller module 14. The disposable cartridge 12 and local controller module
14 are configured such that disposable cartridge 12 is secured within the insertion
cavity 704 by mechanical force. In addition, the local controller module 14 and the
disposable cartridge 12 are in electrical communication via a set of molded contact
pads 706 that are provided on disposable cartridge 12. These molded contact pads
706 are in registration with a set of contact pins 708 provided within the insertion
cavity 704 of the local controller module 14 when the disposable cartridge is inserted

into insertion cavity 704.
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.14 are configured such that disposable cartridge 12 is secured within the

i nsertion cavity 704 by nmechanical force. In addition, the | ocal

controller nodule 14 and the disposable cartridge 12 are in electrical
.conmuni cation via a set of nolded contact pads 706 that are provided on

di sposabl e cartridge 12. These nol ded contact pads 706 are in registration
wth a set of contact pins 708 provided within the insertion cavity 704 of
the local controller nodule 14 when the disposable cartridge is inserted
into insertion cavity 704. 20 [0077] FIG 8 shows the local controller
nmodul e 14 after insertion of the disposable cartridge 12 into |ocal

control l er M8l e 14 FAHS showa el cotroflgranoduisist #fisr msertign of e di sposabl e

cartridge agghdsafidbarkfpl i2lntPlocATeskttMePRbANE Neard Mabfmat ob@Er - FIG 8 al so
depicts a renote controller nmodule 16 | ocated wthin RF comuni cation

range of t heonstaargion obthe dspbseblevartidge and locflgoms]lleFmgduls onto the arodfs- sect i onal
si de vi ew of ANk SfSULELEL il b Fmodi fEAGk QNG RES 900 accor ding
e Oé r‘repn(f Pe % ?I on.

to an exenp?%r | 0 e present 1 nven extraction device
900 i ncl udesonampficagibi aingoof the lodrcoBiler mopiledsure ring 904, a first
bi asi ng nenber 906 (i.e., a first spring) and a second bi asi ng nenber 908

(namely, a second spring). [00791 Penetration nenber 902 is configured for

penetrati onjpgfsja USEIFIQ. B akross-8tBbnatbidavied dah ifték@ialNGid (WF)t he subsequent
extraction of I'SF therefrom Penetration menber 902 is also configured to

remai n in (¢destpa dewice PPacgardinzdo aexsmplayeembngdimen of e presgatr act i on of | SF
L her efr om - ReDbh AR B YeyiO0H0 i udds AoofbAABH frombaTRo Mk bdsshte user’ s
skin layer for nore than one nour, thus al'l om ng a continuous or sem

cont i nuous =g %0dc4 fishbiafing BEPMbDP66 (igpprfirstespring) and e sgroad biasinglimswbearsur e, one
skilled in m@Qe arnt mﬁller%g nize that the penetrati on nenber can reside
I n the user g??ﬂyfﬁﬁgyls?o ‘an extended period of tine of 8 hours or
nore. [0080] Pressure ring 904 is configured to oscillate between a

depl oyed state and a retracted state. en pressure. ri 904 is in the
depl oyed st®®l it approtadon 'BF’EE%’L?B_%‘%"B“ 'W‘ﬁ@é?"@“%‘kqﬂrf’q\%&’sﬁrs ki r oundi ng
the target @idrgsa thpet Gtetah® rRMELbRLhNR extraction 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.

{0080] Pressure ring 904 is configured to oscillate between a deployed state
and a retracted state. When pressure ring 904 is in the deployed state, it applies
pressure to the user’s skin layer surrounding the target site, while the penetration
member is residing in the user’s skin layer in order to (i) facilitate the extraction of
ISF from the user’s skin layer and (ii) control the flow of ISF through ISF extraction
device 900 to, for example, an analysis module as described above. When pressure
ring 904 is in a retracted state, it applies either a minimal pressure or no pressure to
the user’s skin layer surrounding the target site. Since pressure ring 904 can be
oscillated between a deployed state and a retracted state, the time that any given
portion of a user’s skin layer is under pressure can be controlled, thereby providing for

the user’s skin layer to recover and reducing pain and blemishes.
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.menber is residing in the user's skin layer in order to (i) facilitate the
extraction of |ISF fromthe user's skin layer and (ii) control the flow of

| SF through | SF extraction device 900 to, for exanple, an anal ysis nodul e
.as descri bed above. Wen pressure ring 904 is in a retracted state, it
applies either a mninmal pressure or no pressure to the user's skin |ayer
surrounding the target site. Since pressure ring 904 can be oscillated

bet ween a depl oyed state and a retracted state, the tinme that any given
portion of a user's skin layer is under pressure can be controlled, thereby
providing for the user's skin layer to recover and reducing pain and

bl em shes. 21 (0081] Pressure ring 904 typically has, for exanple, an

hi ckness (WABHL, cq AesuiedagBepbeloltfhds 6 Ganf, th Sfig RS Bng 751

i nches t o Oradde bfCORBIchds00)B.24 irffehessind bival ithicknessedepridte DBGHimensikantfA’ganr ed t o
urge pressu ring, 904 agajnst. the er.s skin layer (i.e., to place
pressure riﬁ‘?é’é&’%ﬁf’ﬂ%"ﬂgﬁw‘&a‘%‘?-Q‘f@f*‘%’ind to retract pressure ring 904.
Second biasing el enent 908 is configured to | aunch the penetration nmenber

902 such that the penetration nenber penetrates the target site. 100831 The
pressure (f@08%) appllistbiayag elemen 906 corfigyradio prge prespye eI essur e
ring(s) can {hO s AR 18yer (i, ¢ crzz%gurQI'in $d¥'th ounds per
square incﬁgﬁggl, calcgﬁaﬁgahaé‘gg?g per cr%ss-sectl %%%P%%ggggre ring
area). |n ttirstracegmssire Eng $PMe Sseond bbing plomentifi8 isalopfigfed® latngk theeen

i e i rr SRR b th b E PR MR B e o ¢ o

penetration nmenber 902 is partially housed in a recess of the oscillating
pressure ripg 904, the depth of the recess determ ning the maxi num
penetrati onl®8Y h of ﬁﬁé’ﬁ%‘ﬁ%%?‘ﬁﬂ@ﬁ%%ﬁ‘éﬁ“ gy s skin ?%B@H‘er%iss‘gipl icitly
shown in Fl ﬁ-ia%g%’caﬁ Be f&eé%%PE'E Qe raﬁgm%oﬂpa%o@motlb@po@ﬁggéﬂsawgg pressure

ring 904 can be noved relative to one another and applied to a wuser's skin
| ayer i ndep@AdEiS, cafculatpdips darproper cogogstiondl pressye iog atsp). | Igthigregardca i on devi ce

900, the 0SGLLL ALy BLERMY & Berids bR e EAIndiSo BE BbNEd: | rhedble| 1 2 N0 the

user's skin [layer ahnd to Isolate and pressurize a
providing adequate ISF flow while minimizing user pain/discomfort.

[0084] In the embodiment of FIG. 9, penetration member 902 is partially
housed in a recess of the oscillating pressure ring 904, the depth of the recess
determining the maximum penetration depth of the penetration member 902.
Although not explicitly shown in FIG. 9, the penetration member 902 and the
oscillating pressure ring 904 can be moved relative to one another and applied to a

user’s skin layer independent of each other.

[0085] During use of ISF extraction device 900, the oscillating pressure ring
904 can be deployed for stabilizing the user’s skin layer and to isolate and pressurize a
region of the target area and thus to provide a net positive pressure to promote flow of

ISF through penetration member 902.

[0086}] If desired, ISF extraction device 900 can contain a penetration depth
control element (not shown) for limiting and controlling the depth of needle
penetration during lancing. Examples of suitable penetration depth control elements

and their use are described in U.S. patent application Senial No.
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.region of the target area and thus to provide a net positive pressure to
pronmote flow of |SF through penetration nenber 902. 100861 If desired, |SF
extraction device 900 can contain a penetration depth control elenment (not
.shown) for limting and controlling the depth of needle penetration during
| anci ng. Exanpl es of suitable penetration depth control elenents and their
use are described in U S. patent application Serial No. 22 [Attorney Docket
No. LFS-5002], which is hereby fully incorporated herein by reference.

[ 00871 During use of |ISF extraction device 900, a systemthat includes |ISF
extraction device 900 is placed against a user's skin |layer with the
pressure ri Hyftouey DecketiNgy LFReS09%E which éschergbyrfulbsineqspasatedhazin®y. The pressure
ring 904 is yrged against the skin to create a bulgée. The bulge is then
penetr at ed fe. g., lanced) by the penetration nenber 902. An |ISF sanple is
subsequently extracted fromthe bulge while the penetration nenber 902

remai ns tot gl or partiall ithin the skin,  [0088] The fl.ow rate of the
|7 sanpl o (08Tl ext mtogasd of sk exactipy it op opsiemppas nehdfe IS cal | y
declines ovgjiratfididevRE 980 isPlied hfihst HudeP'e skid hger With Be pR&ARATML W43  hours,
pressure ring 904 can be retracted to allow the skin to recover for a

period of fswgtheskindsesntps cxample.fdur®. The preswrering W4 ioogedagainstiby be

r e- depl oyed_f: i i . ut 3 hours
and retract Seé'p 1;000?6%%{)%1?8&3 @ggg%gslg@g;ggmgﬁggxy@g,%ﬁ}csﬁgg@{c}}éa{)@ Qlgepl oyi ng
and r et r act membardd3 s AndSF samplOBsubrequretdyl extrmated lfromSke budge whiktthon i s

di sconti nued. The depl.o t and. retraction cycles are preferably
asynmetric PRef %ﬁ“%@?%?@:&e%g?f%gg05#’&?5&“%‘”}6/@8%&%@'for each cycl e.
[0089] FIGs. 10 and I 1 are cross sectional and perspective views,

respectivel of an | SE extraction device 950 according to another
exenpl ary e%ﬂ@ﬂi ment %FﬂPﬁéateﬁE%éﬁ]f s‘%“!ﬂ"’e'i’ﬁ‘ﬁ‘%‘?i“?‘%‘bsé‘%ﬁg]ééﬂ%w?ﬂevi ce 950

includes a pERBhtAtibaMy ERHREHveD e AtePa pdlddlifine tihgObf TRBGRRLS Bcal |y
arranged pressure’rings 954A, 954B and 954C. | SF extraction device 950
al so i ncl udessrs pysssweting §04nan be retractpd wallay the skirptatrecoumde a ipgedof and 956C

for urging i PLESHLE3 hoYS PRt rink 8 AN fler? BOG: depBTREE! 4 Ylodin t OWAr d

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 pressure ring 904 proceeds until ISF
extraction is discontinued. The deployment and retraction cycles are preferably

asymmetric in that different periods of time are used for each cycle.

[0089] FIGs. 10 and 11 are cross sectional and perspective views, respectively,
of an ISF extraction device 950 according to another exemplary embodiment of the
present invention. ISF extraction device 950 includes a penetration member 952 and a
plurality of concentrically arranged pressure rings 954A, 954B and 954C. ISF
extraction device 950 also includes a plurality of first biasing elements 956A, 9568
and 956C for urging the pressure rings 954A, 954B and 956C, respectively, toward
and against a user’s skin layer, a second biasing element 958 for launching the

penetration member 952, and a penetration depth control element 960.

[0090] During use, ISF extraction device 950 is positioned such that pressure
rings 954 A, 954B and 954C are facing a user’s skin layer. This can be accomplished,

for example, by employing ISF extraction device 950 in a sampling module of a




.and against a user's skin layer, a second biasing elenment 958 for |aunching
the penetration nenber 952, and a penetration depth control el enent 960.
100901 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 acconplished, for exanple, by enploying |ISF extraction device 950
In a sanpling nodule of a 23 systemfor extracting bodily fluid as

descri bed above and pl acing the system against. the user's skin |ayer.

[ 00911 Pressure ring 954A is then urged agai nst the user's skin | ayer by

bi asi ng el ement 956A, thereby creating a bulge in the user's skin |ayer

that will 8S¥stssnienextactingrodily fuid@s descabed abeyeandplasing thy systemeagainst on menber

952. Wiile BlesgWRinhytfl 954A is in use (i.e., deployed), pressure ring
954B and pressure ring 954C can be nmaintained in a retracted position by
bi asi ng el ements 956B and 956C, respectively. [0092] |ISF can be extracted

fromthe bu formed, in user.s skin |ayer whil t he .pepetrati on menber
952 r.esi deshg'g!]al |y of*pHf FP%P?‘V\ W@%i‘ﬁge(dﬁ@a‘ﬂgé&e ‘ésers“k?lﬁ" P“é?féary. After about
3 seconds t biasinféleinént 956K, thur€tSSiidating h Balgd Brfthe Gs Biein 186F dadwilh t o al | ow the

user's skin layer tqQ recover for a time period in the range of about 3
seconds to $bsqgyently belanced (i.e e penstratedpyinsaetystian gmber 354 Vomlepressyiessure ri ng

954B can be;gleployesh ks (i,g;grzia{,%s?éagﬁﬁéskkgggﬁg ggxigfa&%@és's&e%g@sh@xg{jlﬁe Whi | e

pressure ring 954B is in use essure ring A and
pressure ri mgngined icareteedypositioniby didsing elgments 9568 antl 9566's fespeshivdly. bi asi ng
el ements 956A and 956C, respectively. After a tinme period of about 3
seconds to 3 hours, pressure ring 954B can be retracted for a tinme period
in the rane9z)f 3 sdsiocmdbetentrtdddionsthe balgk domred yuseNeside plyenwit  of

pressure ring 954C. Pressure ring 954C mai ntai.ns pressure on the user's
skin | ayer ‘ﬂ‘gmﬁf'ﬁ*w‘a@‘?@rgﬁz ﬁ.eﬂd‘?"%@taﬁ)‘ arRpEaly "Q&%@BH% Stsﬁmga)f?burs and is
then retrachfe abit 3sesdndBtoPedubthe Prdsfife FiRd084 Ofan De rét@CRAUSalldw BehOUT S.

VWil e pressure ring 954C is in use (i.e., deployed), pressure ring 954A

and pr essur¥eFs siin BEerto regpvep for qdimeperind in theranee eftabawtdsgeendsia d on by bi asi ng
| o . ; . C
el ement's 95G4 ANk piBetideRRPGELLETnY 95K pie ﬁgg@g\?sg&sﬁ%ﬂdgpgﬁfé&,\ﬂeen

depl oynment and retraction of pressure rings can
proceeds u napply rfrésgurg on the user’s skin layer. While pressure ring 954B is in use (i.e.,

deployed), pressure ring 954A and pressure ring 954C can be maintained in a retracted
position by biasing elements 956A and 956C, respectively. After a time period of
about 3 seconds to 3 hours, pressure ring 954B can be retracted for a time period in
the range of 3 seconds to 3 hours, followed by the deployment of pressure ring 954C.
Pressure ring 954C maintains pressure on the user’s skin layer for a time period in the
range of 3 seconds to 3 hours and is then retracted for a time period in the range of 3
seconds to 3 hours. While pressure ring 954C is in use (i.e., deployed), pressure ring
954A and pressure ring 954B can be maintained in a retracted position by biasing
elements 956A and 9568, respectively. This process of cycling between deployment
and retraction of pressure rings 954A, 954B and 954C can proceeds until fluid
extraction has ended. As with the embodiment shown in FIG. 9, the deployment and
retraction cycles in the multiple pressure ring embodiment of FIGs. 10 and 11 are

preferably asymmetric in that different periods of time are used for each cycle.

[0093] Those skilled in the art will also recognize that a plurality of pressure
rings in ISF extraction devices according to the present invention can be deployed in

any order and that one is not limited to the deployment and retraction sequence
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.extraction has ended. As with the enbodi nrent shown in FIG 9, the

depl oynent and retraction cycles in the nultiple pressure ring enbodi nent
of FIGs. 10 and | 1 are preferably asymetric in that different periods of
.time are used for each cycle. [00931 Those skilled in the art will also
recogni ze that a plurality of pressure rings in |ISF extraction devices
according to the present invention can be deployed in any order and that
one is not limted to the deploynent and retracti on sequence 24 descri bed
above. For exanple, a sequence can be used in which pressure ring 954B or
954C is applied before pressure ring 954A. Further, nore than one pressure
ring can béesgabadapae. Jioneramplfe 8 sequgnce can beysd i which pressereying $dBtorshown i n
FIGs. 10 an - I p I i i |y such
that the pr oo PRASERYEMe R rhBORA PEERRY Hioct WARSHELHIEIIEY o the
enbodi nent bhidaptoyed siktultaneods)y. alfra etdmple, e gmiwdsname stopyml in €8Gs. Agandibt t he

' Ki f I b 0,1 to 150. ds.
Uson s ncnofilbpeh S ASETRG RGP AR S4h Bt e bt P RgSEeRST) e
pressure ri agssifhépressAdtgand 954C can have, for exanple, outer dianeters

of in the range of 0.08 to 0.560 inches, 0.1 to 0.9 inches and 0.16 to 0.96
i nches, respectively. The wall thickness of each pressure ring can be, for

exanpl e, i n[00§&]e ranGy ﬁlfe eBb0dAmeR Hold inl FY ) .el%-anaqp,%?c'l-préﬁu;l:err}!ggfiédm st

pressure ring of extraction devices according to an alte I ve enbodi ment
of the presasainsi the aser’s okin cam foriekargple.irangy fropeabguf ¢. hto ¥50mguidsaper FI G 140 for

t he purpose %Lwﬁg:gbgﬁfrQ&*ngﬁgégm%ﬁg%gﬁagggébﬁ $kin | ayer whil e applying

negli gi bl e ?)qr essur eep B area. FIG 14 shows a
cross-sectional side view of a portion of an interstitial fluid (1SF)

extraction jce 970 _according tg, .a | ter i ve exenpl ary. enbodi nent of
t he present enti onT.helﬁSﬁs‘gﬁf’ %Fc%“é‘ng%%ﬂﬁ'\?qu%?ﬁ‘ ?ﬁ’l’ﬁ’lfgg"é‘é“é]epg‘!‘f‘ért ration
nmenber 972, d4igmBeR%T H Be FanB&ofD0E to @, 56D Alchsy, 0398108 ifdhBParA P16 18 0.96 1 St bi asing
menber 976 (i.e., a first spring) for biasing the pressure ring 974 and a

second bi asiekysrresmsetively dhe wathngknes of erchiraessyse ring yantksy foppXammle in he 1 at
pressure  rihBenge of 0.02 to 0.04 inches.

[0096] An inner-most pressure ring of extraction devices according to an
alternative embodiment of the present invention can, if desired, be a flat ring (see FIG.
140 for the purpose of keeping the needle in the user’s skin layer while applying
negligible pressure to keep blood flowing to the area. FIG. 14 shows a cross-sectional
side view of a portion of an interstitial fluid (ISF) extraction device 970 according to
an alternative exemplary embodiment of the present invention. ISF extraction device
970 includes a penetration member 972, a pressure ring 974, a flat pressure ring 975, a
first biasing member 976 (i.e., a first spring) for biasing the pressure ring 974 and a
second biasing member 978 (namely, a second spring) for biasing the flat pressure

ring.

[0097] 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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.[0097] In this alternate enbodi nent, the flat pressure ring surrounds the
needle (i.e., the penetration nenber 972) and contains a hole of sufficient
size to just allowthe needle to pass through. The flat pressure ring
.preferably has a diameter of 0.02 to 0.56 inches. 25 [0098] Inclusion of
at | east one pressure ring in extraction devices according to the present

I nvention provides a nunber of benefits. First, oscillating the pressure
ring(s) between a deployed and retracted state serves to mtigate (i.e
reduce) ISF glucose lag. Upon retraction of the pressure ring(s), pressure

on the user's skin layer is released, and_the user's body reacts by

i ncreasi ng 0%¥d perfherélrsmrrqfat leapb oneprggsuredingdn extragtion deNicHASABENE s known as
reactive hy@?ﬁ@ﬁ}}a&nﬁﬂqen iBn H%Q LSRRGS of Berlefi saFmE'EESJEﬁBh Qé ééélirﬁh I SF is
beneficially replenish ed e target site by oscillation ¥ e pressure
ring(s). Suaig(® batapb:emdqihredramblfetmsﬁ $tate perven to imitigate(get tedudeadSbet ween t he

| SF gl ucose ,and Qse val ues 0099 ot her efit of | SF
extraction %J'é‘i?s%gn Qﬁ%‘b?eﬁrﬁiﬁ’g g&i ESprese ‘is) E’Fﬁ%gn 4 o‘rarusl'eg Sthat 8sci | 1 ati on
of the presiswl@séd, ag & usk’ k;@m@y It‘htf&; Wmamwﬁ@mlodmmrlm fouthe target Big( S) to

recover, thus reducrng a user's pai di sconfort and the creation of
per si st ent ETI%PH@H'@?O”[‘%) kRO 2s EFe eregys gngds Tﬂﬂﬂﬁﬂﬁdc‘@ €ith a plurality

of pressur em&dhRfism 6§ which ISR beﬂéﬂ%ﬂﬁ'yrf?ﬂlémmed 'i:rJ (53 tarée@srﬂ:rlﬂr obdillaisiibebe used

wth at |east one pressure ring pefmnmanent| eployed to facilitate |ISF

col | ecti on thhplessureyingtd h8uchwy eeplenshmentpfdSE féPS T@%lei‘tmgéh@dg betgeren depl oyed
and retractgd§t C(é&&(&&%&t ]g(r(;éhecr e0Ljaleas of the user's skin |layer are
under pressure ? Qlch* Conbi nati on of pernanently depl oyed
pressure ring(s) and oscrllated pressure ring(s) further aids in reducing a
user's pai | sconf ort not benef.i | SF extraction
devi ces acrc]/gﬁd Ing toAtnﬂ@LrgFB?érﬂf ‘??‘5[6'81 % ’cfssacf?{ngf%@eBFeé ure ring(s)

can be usednitie®Rithdlosdill@iof 0N bicgdte ﬂﬁlgtefallowﬁltlﬁhkm uglstalseds@sUr ement  of

an extracted | SF sanple is conducted. For_ exanp an el ectrochem cal
gl ucose serf¥®fs) farerpice s culuging a 43 sk risseorrfpﬁtah%ﬂr SEai e f1 ow
persistent blemishes.
[60100] Moreover, extraction devices with a plurality of pressure rings (e.g., the

embodiment of FIGs. 10 and 11) can be used with at least one pressure ring
permanently deployed to facilitate ISF collection while the other pressure rings are
oscillated between deployed and retracted states so that different areas of the user’s
skin layer are under pressure at any given time. Such combination of permanently
deployed pressure ring(s) and oscillated pressure ring(s) Mer aids in reducing a

user’s pain/discomfort.

[00101] Still another benefit of ISF extraction devices according to the present
embodiment is that the pressure ring(s) can be used to control the conditions under
which a glucose measurement of an extracted ISF sample is conducted. For example,
an electrochemical glucose sensor is more accurate and precise if the ISF sample flow
rate past the glucose sensor is constant or static. The pressure ring(s) of ISF extraction
devices according to the present 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
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-rate past the glucose sensor is constant or static. The pressure ring(s) of
| SF extraction devices according to the present invention can provide a
controlled flow of the extracted |ISF sanple. For exanple, retraction of
-the pressure ring(s) can stop ISF sanple flow for a tinme period of 0.1
seconds to 60 mnutes to allow a glucose concentration neasurenent to be
conducted. Once the glucose concentration 26 neasurenent is conplete, one
or nore of the pressure rings can be redeployed to continue |ISF
extraction. In this manner, a sem -continuous |SF sanple extraction can be
acconpl i shed. [00102] Once apprised of the present disclosure, one skilled
in the art EIRremeptisspmplete; opgtor moee efithe pressprsFings gittkaredeptayediang to the
present i nvepti e Yind arl ' | ng, but
not Iiniteda?%#ﬂg$§?gﬁ§%'%rﬂﬁﬁg ex??%%?%g%h% Spg%ﬁliéﬁgﬁﬁ?g$§§%%|e and
moni t ori ng bfaceemplshéd/t e t herein, as described above. For exanple, the ISF
extraction devices can be enployed in a sanple nodule of such systens.
[00103] Referring to FIG 13, a nmethod 1000 for continuous collection of an
| SF sanpl e foowop]a us@mncs aised dfakepreRBCdifcldsied, b aillediemRlaaryilienbodi ment  of
the present invention includes providing an | SF fluid extraction device,
as set fortKoogzs thas ISk exirctiopevicegraceqring to:the prcsent inyeptispc@B behat i s

provi ded i nghyislRa ifa PERE SELLORs RERRRE, bR 1Ritdd98 st QRErP RS SUT € Ting
(e.g., a singl€ pressure ring or three concentric pressure rings). The
penet r at i onexfraetivarof ahedipr fuid saneple andpenitociagofre aualytstthertinpas desaribed s and

pressure ri i . W r ect to I,SF extracti.on devices
and syst ensﬁgg%clﬁo?gl ng( %otﬁ) %e%g%%&e/%gn ‘P%e\?g%ﬁ%%@‘f’f?&fbﬁi%iﬂ“@% set forth
i n step 102¢F sudhheystpmessure ring(s) is contacted with a wuser's skin |ayer
in the vicinity of a target site (e.g., finger tip dermal tissue target
site, alinb target site, an abdonen target site or other target site from

which an | §0EBPP! € Referrid} tdF1@XNG! 2mk@6d 100008 FnBin S Rolldcidn 58 Pe
contacted tgo the user's skin layer using any suitable techniques

i ncl udi ng, PbFarenlafme usehpddr g arsonding oo psemplary ambogisrsnt eighe enbodi nent s
of systenms RadndREhEESineAY FHoAGink In I9temRE S388God &NRALAsQBr forth in step

1010. The ISF fluid extraction device that is provided includes a penetration member

and at least one pressure ring (¢.g., a single pressure ring or three concentric pressure
rings). The penetration member and pressure ring(s) can be penetration members and
pressure rings, as described above with respect to ISF extraction devices and systems

according to the present invention.

[00104] Next, as set forth in step 1020, the pressure ring(s) is contacted with a
user’s skin layer in the vicinity of a target site {(e.g., finger tip dermal tissue target site,
a limb target site, an abdomen target site or other target site from which an ISF sample
15 to be extracted). The pressure ring can be contacted to the user’s skin layer using
any suitable techniques including, for example, those described above with respect to

embodiments of systems and devices according to the present invention.

{00105] The target site of the user’s skin layer is then penetrated by penetration
member, as set forth in step 1030. Next, ISF is extracted from the user’s skin layer by
the penetration member while pressure is appliéd 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
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.1001051 The target site of the user's skin layer is then penetrated by
penetration nenber, as set forth in step 1030. Next, ISF is extracted from
the user's skin layer by the penetration nenber while pressure is applied
-to the user's skin layer in an oscillating manner that mtigates an | SF | ag
of the extracted ISF, as set forth in step 1040. The various oscillating
manners, by which pressure is applied, in nethods 27 according to the
present invention have been described above with respect to FIGs. 1 12.
[001061 The follow ng exanples serve to illustrate beneficial aspects of
vari ous enbodi nents of devices, systens and nethods according to the
present i nviseending to spresent ipveRtion have beenidsseibedaboxe with sespect €9 ﬁ&sp}‘es sure
ring on blopd Perfusion in an area within the oscillating pressure ring
[ 00108] Laser Doppler inmage perfusion data were collected at sem -regul ar
interval s fron1a 0.25 square centineter area approxinately centered in the
i nsi de of ﬂi ssur r| wz%&tez%{crrﬁeg f‘l'us'tr tef?eneﬁmai vam ressure
ring had an 8 i de Fare BB FThenes ?ﬂ?% ness of 0.03
i nches. Bas&hbiodanélad @fd&eirc&, syteiis aad edthpﬂs @tording dek pydserg uhhﬁthﬂf essure ring
agai nst the subject's skin layer. The pressure ring was deployed agai nst
the skin layer for 10 mnutes with a spring force of 0.5 Ibs, retracted
fromthe skjppidgRgyer EXhmpfR 1MRPALSF anAREilthfii présBind riny 6h 8100l pe@Rigy ment  and
retraction was repeaf"ﬂ The pressure rirng was subsequently depl oyed
agai nst t hein aspiea Witynothe psoillatingyprgssure iingi sed for 1 hour, and finally
depl oyed agai nst the skin for 10 mnutes. The average perfusions in the
0.25 cm sg. neasurenent area .are shown in the graph of FIG 12. [00109] As
can be seen0d108j he giapen D‘oppIEti iagd perfudiop ldaty et cotibctéda sq:m‘esgulme ring
reduced blood usi n the area encl osed e ure ri (i.e
bl ood per f UBITBHS GR18 P BUEF SO EHECL T CHR S RGToR PUBe iy oF 7
conmpar i son gresstid@inakedhkd & dubjeet’ sfb&ﬁﬁﬂswpreskiﬁ‘é@ﬂ@had Lesusldng the pressure
t he pressure) not on reversed this effect, but

ring (i.e., releasin
actual ly i r@%ﬁ%‘éﬁf%‘ﬂﬂ??ﬂ%‘@bﬁ&@%é%‘é inches. Beselippfata erej npact of an-
osci | I ati NG REQGSPHit 16 b&Hloyik thé?reﬁhfé(}ﬁrﬁ%gizﬁst 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.

[00109] 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.¢., 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 baseline.

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

[00110] A study was performed to determine the impact of blood flow on ISF
glucose values during use of an oscillating pressure ring according to exemplary

embodiments of the present invention. Twenty diabetic subjects underwent a
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.[00110] A study was perforned to determ ne the inpact of blood flow on | SF
gl ucose val ues during use of an oscillating pressure ring according to
exenplary enbodi ments of the present invention. Twenty diabetic subjects
.underwent a 28 procedure, in which baseline bl ood perfusion neasurenents
were made on volar and dorsal portions of the subject's forearns. The

subj ects then participated in a test, in which finger blood sanples,
control |SF sanples and treated | SF sanples were collected at 15 m nute
intervals over a period of 3 to 6 hours. Control |SF sanples were obtained

fromthe subject's forearns.w thout any skin |ayer manipul ati on and

treated |SFP_€°a e YRiFRbystiag ‘H_@?f‘u Wgﬁlﬁﬁf”ﬁﬁﬁ%‘f’?ﬁﬁ& Wqﬁ%mg%oqne@éar@flg kin Iayer

With an 0s@ikddbitidfs HES &ibjer’s kRhrmPUTh \Gibfeb® hn partiiphed in 4 @&t inng peri od,

bl ood gl ucose was influenced by ingestion of a mcrowave neal and di abetes

medi cat i ons whishifwegribdpodispraples.ionirrl 13F sammigs sad roateddSE sarsplehwesat  nost
subj ects exparl.enged 'e([iieﬁﬁte%fé @ d gpe'rin o R%&Irs; ‘@?gol 4P Q.%xéél@s The treated

| SF sanpl es were crea by “appl yI ng appr oxi nat e pou per square
i nch of pr esswrobtamiet froe the egdgent’s forearms wiithbutnoy skamjalyermganipmlati®f andeconds,

followed by _a 5 minute waiting. iod to allow hbl.ood to, perfuse into the
sanpl i ng taF&é?d@F@ﬁﬁ%%oggﬁi’?’W%]ﬁ%t ?9’9\51?%1 "W h a Moor
Laser  Doppb&iilatii@gressufed@ie0 Murldithe Indactont REthgpeti®d, blodd glakcaeriadg bot h
control and treated _|ISF sanples. Laser_ Doppler inmaging was perforned over
a 2 square Bdnencadbeinggien of ¢ BrTevas Bl %fﬁéﬁabsﬁﬂs pafpttony inclitget site.
1001121 | SF;@hHCRs SralRGRslyeBRIks Such8hdf nfRCGb)ES BxRribRdd § Hsar@mii guchl err]

Utra[err] glucose neter and test strip system A sanple of about 1 [err]L
of | SF was blesd glacgsed from the dernmis of the subject's skin layer by a
needl e and deposited automatically into a nmeasurenent zone of the test
strip. An unnodified OneTouch[err] Utra(r) glucose neter and strip system
was used to[odetgr m ndhelreited RFxathplps wereeateddly upglyihp approstimafeiyntf®r . [ 001131
Lag tinmes in mnutes and ]Petrf usi on Feasur ems.nts.gre [ ventj n Table 1 for
each subj eC{:o_unds per square inch of pressure with a pressure ring with no sampling for 30

seconds, followed by a 5 minute waiting period to allow blood to perfuse into the

sampling target site. Blood perfusion measurements were made with a Moor Laser

Doppler Imager (Devon, UK) immediately prior to obtaining both control and treated

ISF samples. Laser Doppler imaging was performed over a 2 square centimeter area

centered on the ISF sampling target site.

[00112) ISF glucose measurements were made with a modified OneTouch®
Ultra® glucose meter and test strip system. A sample of about 1 ML 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.

[00113) Lag times in minutes and perfusion measurements are given in Table 1

for each subject.
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.29 [001141 TABLE I control treatnent treatnent control treatnent area area
to control SF I SF overall ubjectcan nean bl ood overall overall |ag bl ood
bl ood perfusion lag lag mtigation perfusion p ion do(mn. mn.} mn.)
Jtsits 897.1212.9.1930 10 0 65.3170.32.611 5 16 1084.0187.62. 236 22

1150. 2117. 3. 3422 5 27 128.4223.53.2712 -2 14 1395.4295.23.0930 15 15

1462. 0150. 32. 4247 12 35

[00114] TABLE 1
control treahnent!:n
larea area atment|control  Jtreatment
mean mean o control[ISF ISF overall
blood (blood |blood [(overall |overall [lag
Subject perfusion|perfusion perfusionflag lag mitigation
D units units ratio (min.) {min.) |(min.)
8 97.1 2129 PR.19 30 10 20
9 65.3 1703 [R.6l 21 5 16
10 84.0 187.6 [2.23 26 4 22
11 50.2 117.3  [2.34 22 -5 27
12 68.4 223.5  [3.27 12° -2 14
13 95.4 295.2 [3.09 30 15 15
14 62.0 1503 [R.42 47 12 35
15 51.7 92.8 1.80 50 10 40
16 80.0 80.9 1.01 41 24 17
17 64.6 107.9 1.67 46 12 34
18 101.2 R444 P41 50 11 39
19 86.2 142.4 1.65 27 16 11
20 1148 [256.9 [2.24 42 16 26
21 118.6 198.3 1.67 13 5 8
22 73.2 156.2 [2.13 25 8 17
23 1147 [278.2 [2.43 30 8 22
24 04.4 2536 {2.69 15 8 7
25 161.2 (4820 [2.99 3 -2 10
26 58.7 151.7 [2.59 42 9 33
27 1146 [363.3 [3.17 29 3 21
28 56.3 1170  2.08 31 10 21
jmean: {86.3 203.9 [2.32 30.3 8.7 21.7
SD: 28.1 972 0.6 12.8 6.0 9.9
[00115] The data in Table 1 show that ISF glucose lag was mitigated an

average of 21.7 minutes, i.e., from 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 control sampling areas.




.1551.792.81. 8050 10 O 1680.080.91.011 24 17 1764.6107.91.676 12 34

18101. 2244. 4. 4150 11 39 1986.2142.41. 6527 16 11 20114.8256.92.242 16 6
1118.6198.31.6713 5 8 273.2156.22. 1325 8 17 23114.778.22.4330 8 22
.494.4253.6.6915 8 7 5161.2482.0.998 2 10 658. 7151.72.592 9 33

27114. 6363.33. 1729 8 1 2856.3117.0.0831 10 21 nean: 86.3203.93230.3 8.7 21.7
SD: 28.197.2.612.8 6.6 9.9 [001151 The data in Table 1 show that | SF gl ucose
lag was mtigated an average of 21.7 mnutes, i.e., froma nean of 30.3
mnutes (12.8 SD) to a nean of 8.7 mnutes (6.6 SD) by use of the

oscillating pressure rj ng This lag mtigation was acconplished by the
appl i cati onl (ﬁ Hssr el ea¥hil etﬂrefﬁFg “I‘?Sltst‘%éh“sﬂﬁieé'i:‘f‘“’é‘“%]’ﬁclbﬁ%r in a

nmanner t hat gamsed daRriddnéaid, ¥ willfbe lbbdishs tgklﬁﬁgslﬂﬁédflﬁﬁle% thit shéie | SF
sanpling areas by an avera e of 2.3times (0.6 SD) relative to control

sanpl i ng ar enbndipet 9o prsHedhy Way pf ehapleadlye Rhoiems yedations, changes, esent
I nvention h:?ngesuQs%t 1on§@§i)’¥§lh»9§h‘1$ ugﬁﬁ&é %ﬁﬂe G ddr witoutid amgag g%gnvﬂhgus to

t hose skille e ar nments are pr y way of
exanpl e onl mvertloner ous vari ati ons, changes, and substitutions will now
occur to those skilled in the art wi thout departing fromthe ' invention.
[00117) It should be understood that various alternatives to the

enbodi ment sjpai17] It should be understood that various alternatives to the embodiments of
the invention described herein may be employed in practicing the invention. It is
intended that the following claims define the scope of the invention and that methods
and structures within the scope of these claims and their equivalents be covered

thereby.
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.the invention described herein may be enployed in practicing the invention.
It is intended that the follow ng clains define the scope of the invention
and that methods and structures within the scope of these clainms and their
.equi val ents be covered thereby. 31 CLAIMS WHAT IS CLAIMED IS: 1. A system
for extracting a bodily fluid sanple and nonitoring an analyte therein,
the system conprising: a disposable cartridge including: a sanpling nodul e
adapted to extract a bodily fluid sanple froma body; and an anal ysi s
nodul e adapted to neasure an analyte in the bodily fluid sanple; and a

| ocal controller nmodule in electronic communication wwth the disposable
cartridge, ¢aMScal controller adapted to receive neasurenent data from
the anal ysis nodul e and store the data. 2. The systemof claim1l, wherein
sanpling nodule is adapted to extract an interstitial fluid (ISF) sanple
and to neasWHATYS(daYMENIS he | SF sanple. 3. The systemof claim 2, wherein
the sanpling nodul e i ncludes: a penetration nenber configured for
penetrating a target site of a wuser's skin |ayer and, subsequently,
residing in the luser ASyskthrforleamingadboéﬂg flaid sampje and mbiSferimgapl e t her ef rom
and at | east one ure ring adapted for applying pressure to the user's
skin Iayer‘?ﬂy? ﬁﬂ??nﬁpgwﬁ@ Earget site while the penetration nember

is residing in the yag&ogm§kmﬁugay@mnn@pere|n the sanpling nodule is
configured such that the pressure rlng is capabl e of gpplylngFthe pressure

in an oscillating manner W#eEwpbpgmadule afapiad fe sxteact ybpdilyiluidiempls: sanpl e
extracted q¥nﬁggmﬂpgﬁfratlon menber is mtigated.

an analysis module adapted to measure an analyte in the bodily
fluid sample; and
a local controller module in electronic communication with the
disposable cartridge, the local controller adapted to receive measurement data from

the analysis module and store the data.

2. The system of claim 1, wherein sampling module is adapted to extract

an interstitial fluid (ISF) sample and to measure glucose in the ISF sample.

3. The system of claim 2, wherein the sampling module 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; and

at least one pressure ring adapted for applying pressure to the user’s
skin layer in the vicinity of the target site while the penetration member is residing in
the user’s skin layer,

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 penetration member is mitigated.

4. The system of claim 1, wherein the disposable cartridge and local

controller are configured to be worn on the body.
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.4. The systemof claim1l, wherein the disposable cartridge and | ocal
controller are configured to be worn on the body. 32 5. The system of claim
1 further conprising: a renpte controller nodul e adapted to electronically

.communi cate with the local controller nodule. 6. The systemof claimb5,
wherein the renote controller nodule is configured to receive a glucose
test strip and to neasure glucose concentration of a blood sanple applied
to the glucose test strip. 7. The systemof claim5, wherein the renote
controller nodule is adapted to enploy a predictive algorithmto predict a
bl ood gl ucose concentration based on an |SF glucose concentration
determ ned by tRe | od&f sstsht ofstaie ] fyglgsicempmisingthe system of claim 7,

wherein th t - IWelal M the follow ng
€ Je@m(ef%nf@ﬁ ﬁah&@ r'ag;;[ﬁgeg;{%) sleam&nf corAfuRicSe Widh e BEal

form PBGC = F r at , ma[err]rate[err], 1 nteraction terns)

wher e: PBQGGnirglleampdeldi ct ed bl ood gl ucose concentration; i is an integer of

val ue between 0 and 3; j, n, and mare integers of value between 1 and 3;

k and p are integers of value 1 or 2; ISF, is a neasured |ISF glucose val ue;

rate, is the ratse of Thbangm dfelawmSnwhaaiaulcdmbBfcoiralizpamdullivies; and

ma[err]rate[err] is the noying average . rate between averages of groupi ngs
A

of ISF gl yeBE@IRAiegesiveq elupnze 185 Strpmnd fo RPasHThefucoi wnes npl i ng
modul e i nclygleSampR agﬁl%ttgﬁ{eigqﬁoggqugﬁ{p. a launching nmechanism and a |east
3

one pressure ring.
7. The system of claim 5, wherein the remote controller module is
adapted to employ a predictive algorithm to predict a blood glucose concentration

based on an ISF glucose concentration determined by the local controlier moduie.

8. The system of claim 7, wherein the remote controller module employs

an algorithm of the following form:
PBGC = f(ISF}, rate;,, ma,rate,’, interaction terms)

where:
PBGC is a predicted blood glucose concentration;
iis an integer of value between 0 and 3;
j, n, 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;
rate; is the rate of change between measured ISF glucose values; and
magrate, is the moving average rate between averages of groupings of ISF

glucose values.

9. The system of claim 1, wherein the sampling module includes:
a penetration mcmber;
a launching mechanism; and

a least one pressure ring.
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,10. The systemof claim1, wherein the sanpling nodule is adapted to
provide a continuous flow of extracted bodily fluid sanple to the anal ysis
nodul e. 11. The systemof claim 1, wherein the disposable cartridge and
.local controller nodule are configured for attachment to the user's skin
12. An interstitial fluid (ISF) extraction device conprising: a penetration
menber configured for penetrating a target site of a wuser's skin |ayer

and, subsequently, residing in the user's skin |ayer and extracting an |SF
sanple therefrom and at |east one pressure ring adapted for applying

pressure to the user’ skin Layer in the vicinity of the target site while
the penetration H%_nbe Eqsgs‘?%gfag‘ﬁbl’i‘ﬂ‘cmﬂ’h@e6@%‘3‘“?}"&9}4’? b %@B@??%gr ein the
| SF extract pRPidd8\tbtfhuods SN bf GHAAEH BN ulBhmbReo Me@iMMiEmbiNG | s capabl e
of applying the pressure in an oscillating manner whereby an | SF gl ucose

lag of the |ISF sanple extracted by the penetration nmenber is mtigated.

13. ‘The |SF extracti %@ﬁ&%ﬁg{a i Ci,%h@e%e%f&s%l@c&rﬂﬁéé %Flel%ﬁlrami on

device is configured suc e pressure ring Is ca appl yi ng the
pressur e i ncontmoliersuoduledre nepfiyared ér atthehnenttottieansgrseskgure is applied for a
time period in the range of three seconds to three hours, the pressure is
subsequently renoved for a tine period in the range of three seconds to

three hours and then Ah@tepsti@isisAti®(ISE) dxtra@ialdeact dopprigingperi od in the range
t hree seconds to three hours. 14, The | SF extraction device of claim12

further conprising: d&PePEEEPn BIEOE oBTBUSTHIT PCRHREE1aTEdHF §lf ed for noving
the pressurgepk §n BREMBANSuBseqlGl Q¥ G8ing iPhe u@Pd sidn 5Ll MAlefthctinghs: and a

second bi asing menbér configured for launching the penetration nenber. 15.
The | SF ext ISEcainple thisedrane; a0l cl ai m 12, wherein the penetration nenber is

hour . 34 16. The. | Sr bisei e PRkl by P bpple el Ol therd 1 et
one pressurskin layerdn the vicifityof#te targetaite phils g penetrativgsmember is residing in
the user’s skin layer, ‘
wherein the ISF extraction device 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 penetration member is mitigated.

13. The ISF extraction device of claim 12, wherein the ISF extraction
device is configured such that the pressure ring is capable of applying the pressure in
an oscillating manner wherein the pressure is applied for a time period in the range of
three seconds to three hours, the pressure is subsequently removed for a time period in
the range of three seconds to three hours and then the pressure is re-applied for a

period in the range three seconds to three hours.

14.  The ISF extraction device of claim 12 further comprising:
at least one first biasing member configured for moving the pressure ring between a
deployed state and a retracted state; and

a second biasing member configured for launching the penetration member.

15. The ISF extraction device of claim 12, wherein the penetration member

is configured to reside in the user’s skin layer for a period of at least 1 hour.
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-17. The | SF extraction device of claim 16, wherein the pressure rings are
arranged concentrically. 18. The |ISF extraction device of claim 12, wherein
the pressure ring and the first biasing elenment are configured to apply a
-pressure in the range of 0.1 to 150 pounds per square inch to a user's
skin layer. 19. A nmethod for extracting interstitial fluid (I1SF), the

nmet hod conprising: providing an I SF fluid extraction device that includes
a penetration nenber and at | east one pressure ring; contacting the
pressure ring with a user's skin layer; penetrating the user's skin |ayer
with the penetration nmenber; and _extracting an | SF sanple fromthe user's
skin layer with ihe Jondth axtsaghion daxicsef clam 12 Whprsinthe 3 kaseds BrasWe t he
user's sking:l ayerin. hel-Blk N Manner using the pressure ring such
that an |spm§ﬁﬁ§823BFggﬁg’%tﬁe %F sanpl e extracted by the penetration
menber is mtigated. 20. The nethod of claim 19, wherein the providing step

i ncl udes provi di flud extraeti.on device at i nc a

bl ur ol 1ty of - pr ddour M fSfomebich ditich BEbHBN S YEER B BEER T,
provi di ng sirgpgédwwhesascally.ovi ding an | SF fluid extraction device with
three concentrically arranged pressure rings. 22. The nethod of claim 19,

wherein the extracting step includes applying pressure in an oscillating

manner wherein tjge PHES R StfasticiRice 8f f18in B, WhéeinIRY preguleRingbh@ range of
three seconds to three hours, the pressure is subsequently renoved for a

time peri odthe first biesingelgaensfarg qonEigursd tapaly ansesswe dthamesotthbiton ¥én t he
ours. a5 e R RO BB D G 1 The extracting step i ncl udes
applying pressure in an asymretric oscillating manner. 36
19. A method for extracting interstitial fluid (ISF), the method comprising:
providing an ISF fluid extraction device that includes a penetration
member and at least one pressure ring;
contacting the pressure ring with a user’s skin layer;
penetrating the user’s skin layer with the penetration member; and
extracting an ISF sample from the user’s skin layer with the penetration
member while applying pressure to the user’s skin layer in an oscillating manner using
the pressure ring such that an ISF glucose lag of the ISF sample extracted by the

penetration member is mitigated.

20.  The method of claim 19, wherein the providing step includes providing

an ISF fluid extraction device that includes a plurality of pressure rings.

21.  The method of claim 20, wherein the providing step includes providing

an ISF fluid extraction device with three concentrically arranged pressure rings.

22.  The method of claim 19, wherein the extracting step includes applying
pressure in an oscillating manner wherein the pressure is applied for a time period in
the range of three seconds to three hours, the pressure is subsequently removed for a
time period in the range of three seconds to three hours and then the pressure is re-

applied for a period in the range three seconds to three hours.
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23.  The method of claim 22, wherein the extracting step includes applying

pressure in an asymrnetric oscillating manner.
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