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 10001;
The present invention relates, in general, to nedical devices and their
associ ated nmethods and, in particular, to devices, systens and nethods for
.extracting { bodily fluid and nonitoring an analyte therein. 2. Description
‘of the Related Art [00021 In recent years, efforts in nedical devices for
“nmonitoring analytes (e.g., glucose) in bodily fluids (e.g., blood and
interstitial fluid) have been directed toward devel opi ng devices and

met hods with reduced user disconfort and/or pain, sinplifying nonitoring

met hods and deve i i n t o W L .nyous or

sem - conti nuous W%ﬁ@ﬁ@ﬂﬂ A rPé%&%ﬁ#&%Q@%b Y enabl es
users to self-nonit ¢ IPANBMONXTPORIGHONANKL VTE aidieRE@Cat i ons w t hout
the help of health care professionals. A reduction in a user's disconfort
and/or pain is 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 nonitoring device and associated nethod are relatively
pai nl ess, users wi |l noni t BACKEROUGNDIF INVENG$ON| evel s nore frequently and
regularly than otherw se. [00031 In the context of blood glucose nonitoring,
continuous or sem - continuous nonitoring devices and net hods are

advant ageous. FRididT@te hit@¥opr Ovi de  enhanced insight into bl ood gl ucose
concentration trends, the effect of food and nedication on blood glucose
concentrati G80HNd a Udepresendrwertion rglates.anigenctabrie metlical|devicgy andtthede, however,
continuous and.sem -contipuous.. it oK evice e dr acks. For
exanpl e, du?ﬁsgcéﬁ‘g(n ?té% iagﬁ’qrég Elg‘rglqﬁipﬂhtoe‘ireg illg b ig%#e 7 aﬁ?i &%ﬁoggorg’étrrfo eefroma

t af get sit ebddilydluid sdintonitetingdntadaliyte therei®er ' s skin layer), ISF flow rate can
decay over tinme. Furthernore, after several hours of continuous |SF
extraction, a user's pain and/or |

2. Description of the Related Art

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

ie]

(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,
simplifying 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 vser’s discomfort and/or pain 1s
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 regularly 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, dunng extraction of an interstitial fluid (ISF) sample from a
target site (e.g., a target site in a user’s skin layer), ISF flow rate can decay over time.

Furthermore, after several hours of continuous ISF extraction, a user’s pain and/or



di sconfort can increase significantly and persistent bl em shes can be
created at the target site. [00041 Still needed in the field, therefore, is
a device and associated nmethod 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 w thout unduly increasing a user's
pain or creating persistent blem shes. SUMVARY OF | NVENTI ON [ 0005] Systens
for the extraction of a bodily fluid sanple and nonitoring of an analyte
therein according to enbodi nents of the present invention are sinple to

enpl oy, cr egk®nifert adn M@base bigh#ficatInd pardEient blehSEREObd credledatyer , and
facilitate continuous and sem -continuous nonitoring w thout unduly -

i ncreasi ng @egk®e s pain or creating persistent blemishes. In addition, ISF
extraction devices according to enbodinents of the present invention also
create relatively little pain and/or disconfort in a user and facilitate
conti nuous HAGHIsem - Sallineetgd isthenfinidt hedefige,\is 4 thovide andiadodiyted nethedsi ng a
user's pain_or, creatin ersistent hl em shes. Myreovyer, t.hods according
to the pr es)cé’ﬁfhein’rﬂ?gﬂ?l?g?'fpapéﬂ"llwﬁ%@'eg Dese) ‘Hﬁ%ﬂ@‘%“‘géﬁh %‘gSF? 89%s nonitoring
W t hout undiinyleit@ ek, cRated rdlfiflely8litA@iBecoMfolf bRBSH Path RANSESHRNt Dl em shes.
[00061 A systemfor extracting a bodily fluid sanple and nonitoring an

anal yt e t hefagilifates comingpespr semisgpnEineas menjioangsvdhovbwndubfinerpesingrae s ent
invention |ngl I : idge and a local controller nodule.
The disposa%%gsﬂgggﬁr?g%éggﬁﬁgﬁﬁgéﬁ%ﬁ%anpling nodul e adapted to extract a
bodily fluid sanple (e.g., an |SF sanple) froma body and an anal ysis
nodul e adapted to neasure an I e, glucose) in the bodily
fl'uid sanple. In addition, tﬂm’iéﬁmgﬁﬁmdul e isin electronic
communi cation with the di sposable cartridge and is adapted to receive and

store nmeasurenent data (e.g., a current |gnal) fromthe anal ysis nodule. 2

[ 00071 The B89l i ng Avdemeiopthe sytiactinn ohebestilyifluil sampleravd namtang off t he

an analyte therein according to embodiments of the present invention are simple to

employ, 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. 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 momtoring 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
is 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.



present invention can optionally includes a penetration nmenber configured
for penetrating a target site of a user's skin |layer and, subsequently,
residing in the user's skin |layer and extracting an | SF sanpl e 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 nenber is residing in the user's skin
| ayer. 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 | SF glucose |lag of the |ISF

sanpl e extpastied by Thbeammai@inicluleT spssiedccoringit beibdddentf HOH81 The

di sposabl e nature of the dispaosabl e cartridge renders systems according to
t he presentPE®PERYTIHAN §3nKgRtienlly leﬂweéﬁpenwagaawméﬁ,com@ﬁedafom essure ring

is operated.d Lidlal ] i Nel Loyention,
conti nuousdpégé&ﬁﬁs?lé%ﬁgg‘gﬁtﬁé %fl}%%sgp ?mglﬁl:i }[a ri ng’délug&ﬂg%}ﬂﬂ&t%g? légﬁﬁﬁ% Iu%ae?\é

si mul t aneouskinylapérahdrextiangngan ISE earhple gwrafroan dltelsemphivgmbdiie alfo per si st ent

bl em shes. 0091 .An interstitial fluid (1SF).extraction device according to
an enbodi n‘{'e"g‘t‘m%é' IPﬂ'é&eﬁla&‘éS&uf’n‘? PYShEEs 3&4???%%5@@’15@{8?5}1&6?8}? member (e.g.,
a thin- walsefs necnve iideRianiBosfae w@ef il wisd tHefenttutich hdtdbbgisa target site
of a user's skin_ |ayer and, subsequently, residing in a user's skin |ayer
and ext r act fefigingin thepses ssindayet. h &t addtion if ferdred. glre sampliag plodwledanbee al so

i ncl udes at e : [ y. arranged
pressure ricr%lg g%%%’?é%E ?%?%gpp% ??%éf(lgﬁ%saglﬁrog%pgﬁ?%g@&gg%ph%qlsskri T ayer in

t he vi ci ni tskirolaydr lveart eecjletingsinarmentyhérebyt AndSPehevsedag afitheriSFsemples residing in
the user's skin éﬁ%%r. ThefISF extraction. device is configured such that the
prlessure riRYEs & RS RUOT PeRs S PHGFtke pressure in an oscill ating
manner whereby an | SF glucose lag of the | SF sanple extracted by the

penetration nmenber is nitigated. [0010&@& nce the penetration menber of |SF
extraction @8W8lces adbedigpesable satuesalshsi dispasablegmartides gpdeseystempyent i on can

reside in aUSaheS &%g&s&ﬁnﬁ;@n@wﬁﬂ e (CEhRIBE! InYQdftbn Aheh Fpri@P LR, the | SF
extraction devicés are sinple to enploy. 1n

is operated in an oscillating manner according to the present invention, continuous

and semi-continuous monitoring is facilitated while simultaneously minimizing a

user’s pain and the creation of persistent blemishes.

[0009] 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 i1s 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



3 addition, since the |ISF extraction device is configured to apply pressure
"in an oscillating nmanner, continuous and semi-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 |ISF glucose lag is mnimzed. [0011] A nmethod for extracting
interstitial fluid (ISF) according to an enbodi nent of the present

i nvention includes providing an I SF fluid extraction device wth a
penetration nenber and at | east one pressure ring. Next, a user's skin |ayer

i's contact gelilidn, kiee ME ESBaxtActionMgvied ik dRAGIERD aﬁpiz;srem@e pemetration member.
An | SF sanple is then extracted fromthe user's skin |layer via the

penet r at i onOfailENBE MARRGTeconimouy aksepY-sertupustoniterng isdacilitatsldiwhilt ayer i n an
oscill ating h@nns | : . j 0SGIk: | manner, by
whi ch the pr essurftiag ?EgeggB{“Fgﬁ?ﬁ‘ggf"%‘?‘ ?%Je%g'ﬁe?l}ggféﬂﬁ%sh ﬁcdgbkzg{ohggse | ag of the
| SF sanpl e pressuacined okdilliting npanethydd prassae ming(s) ecandsoroptimizefbdaid float e

cont i nuous or_sen -conti nuous, extract of an | SF sanp|/e for an extended
time peri odt"(@?ﬁl.cfmté{ﬁ?é?tt%ﬁﬁéﬁc ?W@%@{]%Woﬁﬁagﬁémpgﬂé -of one hour to 24
hours). BRI EF DESCRI PTI ON OF DRAW NGS [ 0012] A better understanding of the

features and advantages of the present invention will be obtained by
reference t BMRKE f ol [dwiethyd dateAirpeing detemstitiabflnid {ISFH agcosdingsto afior t h

illustrativ I t L0 -whl nri nei EI}S Ly on,are utilized,
and the ac%%rs}%mg%gﬂk t%&g a%glﬁég}gg&vﬁ?%ﬁ: p%‘%i‘%? E%uﬁﬁ?ﬂ%ﬂu% dr?&cffi ed bl ock
di agr am depwithiapgnaratys membdrand exdtasaond pressare ringdNExt, 4 haet’d sisabgybeis and

nitoring an analyte therein accordin 0. an exenpl ar enbadj nent of the
present inv C&??‘b%’[ TATSURRIEE P?‘ega'gflhébﬁhFPF‘?H?‘g‘g’rf@ﬂé'?‘ircA&ﬁg%r am of an |SF
sanpl i ng noghtfle isARnQUxEhaIEH fréin B BAEIIREARYer OERRbEBRti0R ImelnttRr RhES ENt |
invention being applied to a user's skin layer, with the dashed arrow
i ndi cati ng aprkeBhipisted to ithetuserziokimolayer iian eseillating manngr wsingsthe prebsest i ng | SF
flow or, V\'hxqﬁ'g(‘gjs sl%%'o@éiﬁﬂinyn{anné?,l W‘éh El% ’prets&l?e SQBﬂ;ﬁe‘a?Je!r%E‘ to mitigate
an ISF glucose lag of the ISF 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

[0012] 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;



of pressure; 4 [0015] FIG 3 is a sinplified block diagramof an analysis
‘nmodul e and local controller nodule according to an exenpl ary enbodi nent the
present invention; [0016] FIG 4 is a sinplified block diagram of an

anal ysis nodul e, local controller nmodule and renote controller nodul e
‘according to an exenplary enbodi mrent of the present invention; [0017] FIG
5is a sinplified 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; [0019] FIG
7 is a bottqualgr speckiys ﬂh@ﬁﬁdﬂ.fﬁeamcmﬁ%@m%@mﬁwsisrﬂmﬁa%ﬂ%cai ocal
controller nodule of FIG 6; [0020] FIG is a perspective view of a system
accordi ng t coardienmodulepesnsding {p aareseraplam gmbedimentthp prespahinventioeht i on with the
di sposabl e tridge | Y r . modul fac an armof a
user; [0021](‘16@16i3 9 igihcai"‘slls%%ﬁ'ﬁlllﬁg%&g&oé&- %138? ?%%nﬁfsgimd)gg%i%\?\?]of an
extraction dewtrdlRr mdpdelendi FandtoOcoatroke amdhiz aycoedihg thi aerémplaryt he present
invention; [0022] FIG 10 is a perspective view of a portion of an
extraction d@bpdigentedthe Bresgt YRR anot her exenpl ary enbodi ment of the
present inv i=on; [0 ls; Fod L ikl - | | side view
of the extrg?:[zll.,gn degiﬁ%e5 15%1 gﬁ?pé%eigl?&[%%%% °§E?%‘g"di‘¥2@§°g&g’?%dgﬁashom ng
per f usi on ascerdingtt snoexemplary ¢rebodomengiof the presappimsterdiond usi ng t he extracti on

devi ce of FlI ; [00 | 13 is a flow.di,agramillustrating a sequence
of steps in [@IS?ocessEﬁ%c{%?Ci;mprpﬁrsp%cngﬁge‘gféﬁﬁlfs ?Vmgﬁﬁlg&q%ﬁéﬂ‘%i%g t he present
invention; aBatrdlRPRBAuIEaEzordidg ioana@x&hplilyieimbedimefind shespekntdmadntion;de vi ew of a

porti on of an extraction device according a further enbodj nent of the
present i nvdPi%hn. FIG. 7 is a bottom perspective view of the disposable cartridge and

local controller module of FIG. 6;

[0020] FIG. 8 is a perspective view of a system according to another
exemplary embodiment of the present invention with the disposable cartridge and
local controller module attached to an arm of a user;

[6021] 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



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0027] A system 10 for extracting a
bodily fluid sanple (e.g., an |ISF sanple) and nonitoring an analyte (for
exanpl e, glucose) therein according to an exenplary enbodi ment of the
present invention includes a disposable cartridge 12 (enconpassed 5 within
t he dashed box), a local controller nodule 14, and a renote controller
nmodule 16, as illustrated in FIG 1. [0028] In system 10, disposable
cartridge 12 includes a sanpling nodule 18 for extracting the bodily fluid
sanple (nanely, an | SF sanple) froma body (B, for exanple a user's skin

| ayer) and an anal ysis nodul e 20 for neasuring an analyte (i.e., glucose)
in the bodi withihkhe dishe8d6¥), b galndddublter hibdaled 4 pandlayemste BOAtMIRT 2ddglan be any
sui tabl e sang)l i ng and anal yS| s nodul es known to those of skill in the art.

Exanpl es  of0 atiligipted i 5iHili ng and anal ysis nodul es are described in

I nternational Application PCT/G01/05634 (International Publication Nunber
WO 02/ 49507 Al'), which is hereby fully incorporated herein by reference.
However, i n[0838t em 10y sys@mpl0, digposnhiduahraidgsmildlmm :;asipslingmhallub 130 are both

Cartr i dge. 187 Y064 SAEB I BhTsered. 5 15 RERRET o g B g modul e

18 of syst esadPle d 1ﬁcer SURWENRIT) andlin laSdly S omBpd 1020 f@ﬁiéh@nh?_@h ahdIGik Gdes a
penetration nmenber 22 for penetratlng a target site é of body B and
extracting Elhcosgmn wﬁﬁﬁ'@ fhyd| Sampipesaeduleckdiad aaaly @éﬂ!e andgsny one

ti
o “serm - corty aociig SATRIal A ritslis: fpchh LUAETPURIp hSa; BMAGEE, PO 51
(e.g., concefishitabld amphegpswrapaiysis modilenare desatiydden (ieerodtionsl Abplees@) in t he

| SF I [ 0 ' 22

oo e BB R BB B BT B RES T AT ISRSY 27

operation meré@mghhmpdms@welﬁrﬂywmn&orf{ot“faeeremtssfﬁ@huonsaa{phag] | SF sanpl e
froma user's skin | ayer, penetration nmemnber can be inserted to a

maxi mum i nsEpdulphs EEEnHysinmpdde P%H@@O%conﬁ@m@ﬁ&ﬁﬁw@ow& lessingfthey are

components of disposable cartridge 12.

[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 (T'S) 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
monitoring (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 a continuous or semi-continuous manner. In this regard,
penetration member 22 can include, for example, a 25 gauge, thin-wall stainless steel
needle (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



3 mMmm In addition, penetration nmenber 22 can be configured to optim ze
extraction of an |ISF sanple in a continuous or sem -continuous manner. In
this regard, penetration nenber 22 can include, for exanple, a 25 gauge,
thin-wall stainless steel needle (not shown in FIGs. | or 2) with a bent
tip, wherein a fulcrumfor the tip bend is disposed between the needle's
tip and the needle's heel. Suitable needles for use in 6 penetration nenbers
according to the present invention are described in U S. Patent Application
Publ i cati on US 2003/ 0060784 Al (Application No. 10/185,605). 100311
Launchi ng nmechani sm 24 can optionally include a hub (not shown in FIGs. 1
or 2) surr oyepktigopeembérahdcondinpaiierpré2nt iumbioma describediany.§ Ratedel t 0 contr ol
the insertion depth_of peneirat] r 22 into the target site. Insertion
dept h cont#Bﬂmﬁ%wnﬁEb%@H@¥ﬁ@?éﬁﬁﬁﬁﬁ?ﬂggfH§¥$¥?F@ ‘Pdﬂhgiggﬂ-ISF sanpl e by
preventing inadvertent |ancing of blood capillaries, which are | ocated

relatively deep in a user's skin layer, and thereby elimnating a resultant
foul i ng of dM3kt r act baintigee maghehiem 24chn gpfianglhohciutea dn@orshvwom nenber or

cl oggi ng of nal,ysi s ul e by. bl 0od. traolling ipsertion depth can

al so serve tFiasnf}rﬁrh Szuémlf)%l e B olroggllesrfcgzi’gﬁ%dr uc{lg)%tél"s%ﬁ %ﬁefi)t;(? cgntﬁoger during
use of syst &8 ihéertidndRPBof pbrickatigimdrhiisr 22 inle fietirgetlsiel Nakdrtich dpehani sm 24 as
bei ng included in sanplinq nodul e 18, .| aunching mechani sm 24 can optionally
be i ncl uded cPRrol grshsgensficial durning thegaragvorp! an IS annle Bppreydtingr nodul e 14 of

system 10. i é}%mﬁ&ago&foolooa'caﬁhmég, wheh _%W@c‘ﬁed?@latﬁbéﬁh%@% H Ryra user,
sanpling nodule 18 can be forned as an integral part ‘o he anal ysi s nodul e
20. [00331 Iskindayeemand thefehy elirhipating atrbsaltanttfowlmigiofan erftragteth 83K dayppld, ui d (e. g.
ISF) fromthe target site. penetrati,on.menber 22 .can,he ranged

concentr | calcfoﬁg\ﬂﬁf)ﬁﬁﬁ p%ffe&f’%‘ggqmg%e or dpsEing o eanl‘almﬁﬁm%?d"g? B%aélﬁ?‘g ring(s) 28
can be of amynauliih@bkatiohadpeh canABkb veive1® hinimia®pain bhdibtdgointort annul ar. I'n
addi tion, pressure ring(s) 28 can_be configured to apply an oscillating
mechani cal oReEiEnqed by a usesdudag wsgpf systeph il yicinity of the target site while
the penetration nenber is residing in the user's skin layer. Such

oscillation can be
{0032] Although FIG. 2 depicts launching mechanism 24 as being included in

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 applied in the vicinity of

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



achi eved through the use of a biasing elenent (not showmn in FIG. 1 or 2),
such as a spring or a retention block. The structure and function of a
pressure ring(s) in sanpling nodules (and | SF extraction devices) according
to the present invention are described in nore detail below with respect to
FI Gs. 9-12. [0034] During use of system 10, pressure ring 28 is applied in
the vicinity of the target site TS, prior to penetration of the target site
by penetration nmenber 22, in 7 order to tension the user's skin layer. Such
tension serves to stabilize the user's skin |ayer and prevent tenting

t hereof during penetration by the penetrating nenber. Alternatively,

stabi | i zat i ederxbd téri3pnukeusess skini laydrayeach pnsion seis pesistiliatthomedy sktile

penetrating nmenber can be achi eyed. by a penetration dept ntrol el ement
(not  shown} ay‘?‘ﬁ‘&ﬁﬂffé’&“’“ﬁ‘“g% Kg‘“?ﬂ#ém‘%’%i@n rb%&@ﬁ’e'ée“iﬂ@ﬁ%??'& ?on dept h
control el egRGhative®s babilikatioh |oPﬁl'é%ser%rkkInhﬁye'i Fiba6 Periralillvyf€r ' s skin layer,

and acts as a limter for controlling pene?ratlon depth "(also referred to
as i nserti opendiessing)mengbes al @sewblfwedrkwatenetrat@n depth conteobelement (edtenent s and

their use areds d i 1t er| I L

[ Att orney D% %d?{%m%grﬁ%o ?'g:%%«% (ﬁ%m? Conﬁgloeﬁ%%ét ed herein
by ref gr encflzblsts bf “ﬂiﬁfﬁ”bﬁ;ﬂhe dilffﬁcepﬁ'lﬂf&tll’sﬁrt’s <Kiin mgerbard aeara? bﬁmﬂhﬁféﬂc hed y

coi nci dent a wi th application of the pressure ring(s) to the user's skin
| ayer, ther %‘¥‘°EW§@FW§’@“%“ &Pﬁt@ls’f’ redertsddn 2p mserfign ﬂ%ﬁclﬁ%‘ﬁ@l’ lgEethani sm [ 00351
Once pe“Etrﬁénhé?&dﬁﬁ‘ﬁi?ﬁco@t?ol'&ﬁﬁle%%ﬂdhﬁh‘ﬁ‘x@é‘ﬁgd@é&gbééﬁﬁ wenelhated the target

site TS, a needle (not shown in . or 2) of penetration nenber 22 wl|
resi de, foraI@kaammSendtN(ariO/i_nseu L‘b‘ﬁf’fﬂ@pphcﬁemo Hd'Sr¥gbk whichaplambyl. 5 nmto 3
nmm bel ow surfac f [ t he t ite. The
oressure 11 iy tolRRedrlin by 4iinct. Flelied e bo bl Bop BB & LVe

(i ndi cat ed hynmb@c(dﬂwmm@mmlappho&gon af the pissife fmgls) t@jhetubdts spmessuri zes | SF
in the vici |ty of . the arget ermal pressure gradient induced
by the pres¥¥ie ?"ehlgff?}’ ?‘E‘Eﬁ#’%ﬁ"? 8%%FF“P?\*“‘F&’BW*’6?‘W‘SF up the needle and
t hrough the sanpling nodule to the anal ysis nodul e (as indicated by the

curved and upward pointing arrows of FIG 2).
[0035] Once penetration member 22 has been launched and has penetrated the

target site TS, a needle (not shown in FIGs. 1 or 2} of penetration member 22 wili
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 moduie 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 1s 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



[00361 I SF flow through a penetration nenber's needle is subject to
potential decay over tinme due to depletion of |ISF near the target site and
due to relaxation of the wuser's skin |ayer under the pressure ring(s) 28.
However, in systens according to the present invention, pressure ring(s) 28
can be applied to the user's skin layer in an oscillating manner (e.g.,
wth a predeterm ned pressure ring(s) cycling routine or with a pressure
ring cycling routine that is controlled via |ISF flow rate neasurenent and

f eedback) while the penetration nmenber is residing in the user's skin |ayer
in order to mnimze |ISF flow decay. In addition, during application of
pressure i Nrifgls)ds Cirledat thegocahprassare, gradiéit & redovddeant itemepeutflogof K i ng whi ch
the pressure applied by the pressure 8 ring(s) is varied or the |ocal
pressure gr HodbRuseis samBYEdS SHBINERE net outflow of ISF fromthe user's
skin layer is elimnated. [0037] Furthernore, alternating the application of
a plurality of pressure rings to the user's skin layer in the vicinity of
the target Hi03H can dJarthgnor, elernatmig therapplidation of a plh@ktyt dfipoesgive rihgs sanpl i ng

d | ysi dul.es .and limt .t.h i hat. i [ h
oer o ski o T3 e oot @ ige s 418 denolnd B 8o 0o

recover, thirapphiicat sanplilg apd essysisandduled AndEkitltheihd that@iyavenal SO reduces

bl emi shes on the user's skin and a user's pain and/or disconfort. An

addi ti onal Putet pichapsees sldg {ayeris undep presyyee drveallowing 3 pssp shin Jagerty an

oscillati NG IRV Ghe Lildtdh of é&ssﬂi‘e‘{ﬁ% Gsclilﬁﬁné hraftner afs8 FedublsTHIGHEHILS B 08T Ween ,
gl ucose concentrati In a user's ISF and gfucose concentration in a user's
bl ood) i s rtdused.skin@038psebispainaappior dischndrt.t Ae apdideeah berdfisial effet & one
skilled in the.art can .devise a variety of pres e.ring, cycli routines
Uhat serve IViERIEvrapely A pad aljatnemapegs BRPIF etosbR it ana) or ¢ he
creation of dipefefiéetediiden ghichseboREEnEies. in FQser sESE BRI Gucdsd BorREMBdidh ¢ i Ng(s) 28
can be depl oyed gi.e“, positioned such that pressure is applied to a user's
skin layer #pserRBlogiki Fdpsedof a target site) 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

rangi ng frof038] secorfbhse appriBehefithgpresent disclosure, one skilled in the art can

devise a variety of pressure ring cycling routines that serve to reduce 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 site) 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 apphed
(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



Moreover, it has been determ ned that |ISF glucose |ag and a user's

pai n/di sconfort are significantly reduced when the anount of tine during
whi ch pressure is applied (i.e., the time period during which at |east one
pressure ring is deployed) is in the range of about 30 seconds to about 10
m nutes and the amount of time during which pressure is released (i.e., the
time period during which the at | east one pressure ring is retracted) is in
the range of about 5 mnutes to 10 mnutes. A particularly beneficial
pressure ring cycle includes the application of pressure for one m nute and
the release of pressure for 10 mnutes. Since different anmounts of tine are
used for app spiffxgerd holextiaetlaglgsiradgyopneesafibodily Suid,Hii hindyangea physioblgeal ed to as an

asynmetric pressure. ring,c , 039], ,Pressure ring.cyclin utines can
o oy sed SUTBIE At myfidef 7 Stont RR e D UM A PEiio A Bpd 51 Do he
pressure ri Bgason cgRtsdy@ebiemishes. thh BRIIEET, bResutdvadg Gclinfy rButides catdlfo t 0 extract
a desired volune of bodily fluid, (ii) inducing a physiological response

. i1y
that niti gabedevissd tgpipyids dorseyi-coptiguqusianalytamepsiroments thal@ccWi Eonf ort and t he

creation Ofeﬂﬁﬁﬁ&%%%gﬁsghﬁﬂiéhes- I'n addition, pressure ring cycling
routi nes can al'so devised to provide for sem -continuous anal yte

measurenents that occur, for exanple, every 15 m nutes. 100401 Pressure

ring(s) 28 e forpged of.a ui t.abl e erial known .t t hose of skil
nehe art. TRB0P e amprsEisa) 2SR T i Hereeeutad of a
relatively gHogé 8f SRl Rithdart. Fonekdniile)dhe fbsurd @ngds) 28 BB cOmpaed yronitrile
but adi ene styrene plastic material, injection noldable plastic materi al,

pol yst yr ene raiafivelyrigid maistig)) ngluding Jipbnetdumitsd o, ppvlonigfile bytadicpe ewsng e ri ng(s)
28 can al so : ed..of r ' . foh - | terial,

i ncl udi ng, Bgitgt l‘f\%%@ﬁ?mﬂ{egédo ntrgé,)laéeﬂlléé@%%‘)lr‘rzeéa?@ah’ tg %ﬁepgﬁﬁfé&%ﬁ%}% mat eri al s,
pol yur et haneombihatidna ttereolf. aflexpresatre ringlss28 nlalso baeompdsed ofxkekltiogly conbi nati ons

t hereof. [004 n.intecrjor opening,defined.b e pressure ring(s) 28 can
be in any E'ﬁl]l{e @Y@@W&k,mﬁ}“ﬂ@ﬁﬂﬁl i {mﬁ?‘%{‘]’t %l%t(frﬂ?mdp"ftﬁﬁlsgr, square,
triangul ar, pélymBaPsatekials JoBRthahe KRAGHAR] lateR GlaGaRMilidRe malcaime bt at ed shape.

combinations 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 control the flow of ISF through the sampling and analysis modules,
penetration member 22 remains deployed in (i.e., 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 either 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



[ 00421 When pressure ring(s) 28 is being enployed to mnimze |SF flow
decay and/or control the flow of ISF through the sanpling and anal ysis

nodul es, penetration nenber 22 remains deployed in (i.e., residing in) the
target site of the wuser's skin layer while the pressure ring(s) 28 is/are
in use. However, when pressure ring(s) 28 are being enployed to mtigate

| SF gl ucose |l ag, the penetration nenber 22 can intermttently reside in the
user's skin layer. Such intermttent residence of the penetration nenber 22
can occur either in or out of concert with the application of pressure by
the pressure ring(s) 28. [0043] Referring to FIG 3, analysis nodule 20 of
system 10 i aad axdtist alvedilst Mihtotﬂﬁ@neﬂnnngBMinchd@bhmﬁli Wwith @trogs-cro-f | ui di ¢

net wor ks 304 and a pIurallﬁ% of glectrlcal Ségcts 306. Each of
m cro-f | ui decuARY disnausion inthe fangg 9f Jorexpmple, 3 Optﬁ pacromelpe kA8, a gl ucose
sensor 310, yfn e e RRAMRIND) dicose B SEGARL BRI MRlY& @Idr 10 and a

relief valve 316. cro flui net wor ks 304 i ncl ude ¢ annel s "wth a cross-
sectional desrenilpidentical mecrpdhvghic mtworﬂcsBO‘b{Salasnmfemdio as sen§@branchesonet ers.  For

nmoni t ori ng . B rin uco Iurallty

(n) of essgﬁ‘pi%gl? Peym?lz‘g%cl ]in%é?l%ﬁc’ er ?ﬁ? PQI @‘S%bﬁ@?n 5( B%EFEaﬁfw%vqleef erred to

as sensor bBag](»\h@t&res3ﬁréir3(m,r’se&ﬁ'1dlpa§3k\t¢dﬁﬁfel3m4ﬁilﬁdl&éﬁd&f&aﬁ@dm gre20. Distribution

ring 302, first passive valve waste reservoir 312, second passive

val ve 314 afep Wélt?‘é‘?nm?éﬁfeﬂ%’i@f%m@ﬁ‘ﬁm%ﬁh’e@ to control ISF flow through

anal ysi s nodul e 20. [0044) Any suitable glucose sensor known to those of

skill in the art can be enployed in analysis nodul es according to the

present inviifdibn. G AmoséalslegBigese3dBor gwwndothosd of skillon thexasiehée a redox
gent syste ncl udi.n redox. active,conpound or

e at o () SPReyE PR PR EeRRLe Paptret i BNl SRR RIBTSH «  such as

ferricyani dean d@h@ﬂﬁmr@gmﬁplbomﬂ@h@a@m Pemaadintnd@l dhemhd At Fredox

pheyl enedi am ne, 1- Xy- phenazi ne net hosul fate, 2, 6-di et hyl -

benzoqui non@ctive c'anml@ﬁ(sb Pbmidlawﬁé)n FovaneRoh differcof mediaters arekaarat W@s osmi um
2} pyridyl coaRLa&XSterrRphided pRAHHTHEATRhEY Shenaatte it Ruignzymes for the assay

pheylenediamine, 1-methoxy-phenazine methosulfate, 2,6-dimethyl-1,4-
benzoguinone, 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 substanices 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 giucose 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

mnto 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
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gl ucose in whole blood include, but are not Iimted to, glucose oxidase and
dehydr ogenase (both NAD and PQQ based). O her substances that may be present
in the redox reagent systeminclude buffering agents (e.g., citraconate,
citrate, malic, maleic, and phosphate buffers); divalent cations (e.g.,

cal cium chl oride, and magnesiumchloride); surfactants (e.g., Triton,
Macol, Tetronic, Silwet, Zonyl, and Pluronic); and stabilizing agents
(e.g., albumn, sucrose, trehalose, mannitol and |actose). [00451 In the

ci rcunst ance that glucose sensor 310 is an el ectro-chem cal based gl ucose
sensor, glucose sensor 310 can produce an electrical current signal in

response togdie NS eshvehtidHalEIasRe kdhs@b tHaFanHB3 B Rdmiddlsdhasgont r ol | er

nodul e 14 can then receive the electrical current s%gna (via electrical
contacts 306&yoduprd prowdecantacpyratemppagirenmynt sipnad deya lifetiaeefiomdy pbawt o100461 Syst em

10 can be enpl,ovgd 0%, M&F‘coﬁ]%’hﬁigﬁibggé%p ﬁgﬂéi%? SR ﬁfSR@E,La;HQMﬁmd}‘EaS ur ement

(nonitoring) of glucose in an a perro el g hours or 11
nor e. Howev etigrodtuitl/ ety ordm 304, ghdhooseindgraaadentitdl glucenetrer 8b@anmdr cal | y mass-
produced provide .an accurate neasurement sjgnal for a lifetjne of only about
bne hour . PFPVRAS PSS FRABISAD. FRISOIPSR RS ReIsP it SEPICEHBA | i ot i e, a
plurality OfeonsBdftive miahnbr &b PEYIIR EoFindbl an@BCRnf B tRIuBL WoRibringahtd cal gl ucose
sensor 310, are provided in analysis nodule 20. Each of these gl ucose

sensors is eapidnfeapre hamonelvsecuti ve manner to provide continuous and/ or
sem -continuous nonitoring for a period of nore than one hour. [0047] The
consecutive use of identical glucose sensors (each for alimted period of
ti me, such g804ope hourhe cenebhibe uge clidéntioal iR oS sehsord (esubifor AlitKted neasur enent
of glucose. The consecuéive use of .identical glucose sensors can be

i npl enent ed PBYPIRTItERCAGICAAS PRI AFOBFORFOR B CAPOHAM | ng nodule
towards a gleHGRSHen? 8N ERosS Ihhef RhseButR@hukOsk i@dntitAlPRicofNehi@chnie i Nterrupting
the ISF flow to that glucose sensor and switching the ISF flow to another
gl ucose sendwplemgniedby guiding an incoming flow of ISF from a sampling module towards a

glucose sensor 310 for a period of time, followed by interrupting the ISF flow to that

glucose sensor and switching 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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consecutive use of glucose sensors can be repeated until each glucose sensor
included in an analysis nodul e has been used. [0048) The swi tching of the

| SF flow to consecutive glucose sensors can be acconplished, for exanple,
by the follow ng procedure. Upon initialization of analysis nodule 20, an

| SF sanple fromsanpling nodule 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 neasurenent of glucose, a selected sensor branch is
activated by opening the relief valve 316 of that sensor branch. The

process of Fﬂﬁﬂ% ng a pRip&hadof thelSrk syficiailFRibeebRh@C ikl pagdivey control | ed
by local controller nodule 14, which conmunicates with anal ysis nodul e 20

vi a el ect ri #alve 3fmandtill, thesfora ey teprsas slgoase seasor3dPj Afmeasuromend16, gas (e. g.,
air) that ig. Jpitd i ich. i

ner et cai | el et ERERY bY kAR BEPPSfo BERBRhuRAI MBERIGR 50y ong,
as a resul viaeleSiricall dohtatts 306 tortholotdl abntedles modide &h R d8fléted Bg tHellashed! | ef

val ves 316 of the other ensor hranches 304 remain closed, the ISF is

21 owed o PN BAIG: Ity HEies HeptEnd SHRS I BB a4, e 30 FB8a0]  The
pressure of ot PRich Bpriddieptinbd Glch Mak ¥ chRE@®aih th RhGRE Br IKFTeghiviaRsb war val ve 308
and will, therefore, flow towards ?I ucose sensor 310. A neasurenent signal

i s subsequentddgd thraigh dhe giycops wows's lisemyo Fog wompled actberavandgs dlostrate of

el ectronica ] tr]g t 0 the | | er nodul e
14 (as depi %‘%%‘&5%&1"&!5% %hlg@lw %?Eﬁcg?ens%él%ﬁ Olfg%p %%uﬁtct?%&;elgm? | om ng and
ent ers wast ef wesseresvair BlPAyouldiee apptoxireatelgB mibiotiters. A prcenlbpasing vedek such t hat
it,can contaip an anount o SF equi val ent tq that _needed through the

gl ucose sengb‘fmzo‘ﬁeagi 'ihﬁﬁ‘?‘I ‘ng]i‘e ‘ﬁéég?fﬁfeé‘,’o“é{nt %@e SSFEPLPASSIVE ¥3tve %1]t4e‘gof about
50 nanol i teg&@gfedm a4} e AW A1gH ucose sensor lifetime of one hour, the

vol une of waste reservoir 312 would be approximately 3 mcroliters. A

second passive valve 314 is located at the end of the waste reservoir 312.

The second Eh%?,&]' ve Vallh\é%r%%&:é then S%EL&%yeo%eﬁigg 8t PRGN Q¥PT | SF.

another sensor branch 304. Upon selectively opening this relief valve 316 (which can
be accomplished via communication by the local controller module 14), ISF will flow
mto the corresponding sensor branch 304 after breaching the first passive valve 308

located in that sensor branch. Thereafter, the glucose 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 controlier moduie 14 is depicted in simplified block form in 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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[ 0050] The procedure then continues by opening of a relief valve 316 of

anot her sensor branch 304. Upon selectively opening this relief valve 316
(which can be acconplished via comruni cation by the |ocal controller nodule
14), ISF will flow into the correspondi ng sensor branch 304 after breaching
the first passive valve 308 |ocated in that sensor branch. Thereafter, the
gl ucose sensor 310 of that sensor branch w1l provide a neasurenent signal
to anal ysis nodul e 20. [0051] This procedure is repeated until all sensor
branches 304 of analysis nodule 20 have been used. For a systemto provide
about eight hours of continuous glucose nmonitoring, about eight sensor

branches 304p048] | be IrRardohRélidr hoAGR! MSE SonfiFRH sethdRat ltldanubllectﬂ@angppr eci at ed
by those skilled in the art, however, that the analysis nodule 2

di sposabl e e@#meqhe@éalmopsle%@tdlmomhifewwg@izgh’Eh #ucaheepdings and t hat ,

t her ef ore, %1Qﬁél u ql; Is for

| onger (or Bgﬁgﬁy or er?l? an eﬂgE?g%%ﬁggﬁﬁ?g%ga%ﬁféggfﬁ%%ﬁ%r@' er nodul e

14 i s depi clcedl doﬂtrdlarrmddﬁiedd hbaat korftemilen modid Bland4dlspbmbkl cagddgeri@l | er nodul e

14 includes a nechan troIIer 2, . a first _ elec nlc controll er 404,

a first dat éred’P%ffﬂ“ﬁ%?f ey thata %%bee%@%m the S‘SFQB"?PSFF\ ‘5§Xa‘8p'F1ar st data

storage el egef inkliBarBFwRich kdctifes Bife dohiblnafidrof the dkRRAEA cRfugh 12aRt rol | er

nodul e 14 is configured such that it can be electrically and nechanically

coupled to Mmdpﬁsﬁgkéﬂﬁﬁﬁbﬂﬁ@@@ﬂF?HwThéﬂﬁechanlcal coupling provides for

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

| ocal controller nodule 14. Local controller nodule 14 and di sposabl e

cart ri dge 1Posay e corlﬁmgignedo&yﬁhntllmaﬁrst Heytropitrtobeol ket 4@t dmeolsthet he skin of a
Zr by, for exanpl stra nner whjch secures the conbinati on of

di spos ameésuﬁcéi“ePF F¥glerTiBe anplysis P’(S’gﬁllg%ed‘h“tdteﬁﬂ"lb%‘? ahoyeL T eMIAUNIGHIB t he user's

skin. 10054 getfé 1061 UShroBEr lﬁ&aﬁ@m éﬁh dliﬁogﬁﬁe &rRiagd %Ees pRL LAl | er 404
controls the neasurenment cycle of the analysis nodul e 20, as descri bed

above. Conmmela¢toiea! icemact éﬁalYSéﬁclanld@ﬂQ fset FIGT. Siplasteical gontnts Hoésposabl e
cartridge 1g, LAkes Bl 36&adt bhs 708 (see FIG. 7) of the local controller module 14.

Electrical signals are sent by the local controller module 14 to analysis module 20 to,

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 controlier module 14 securely holds the disposable cartridge 12 in place

during use of system 10.

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

initiation, penetration member 22 is launched into the user’s skin layer to start ISF
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el ectrical contacts 306 of analysis nodule 20 (see FIG 3). Electrical
contacts 306 can be contacted by contact pins 708 (see FIG 7) of the |ocal
controller nodule 14. Electrical signals are sent by the local controller
nodul e 14 to analysis nodule 20 to, for exanple, selectively open relief

val ves 316. Electrical signals representing the glucose concentration of an
| SF sanpl e are then sent by the analysis nodule to the |I|ocal controller
nodul e. First electronic controller 404 interprets these signals by wusing
the local controller algorithm 408 and di spl ays neasurenent data on a first
data display 406 (which is readable by the user). In addition, measurenent

data (e.g., sdnffingiTHE RERHERAR BE dfidtaieitiat 1) firstdledenis conitisller #04 éribst  dat a
storage el enment 409. [00551 Prior to use, an unused disposable cartridge 12
i s i nsert edmephagicplgaigractionpy thesEr nodul e 14. This insertion provides for

el ectrical conmmunicati on between disposable cartridge 12 and | ocal
controller nodule 14. A nechanical controller 402 in the local controller
modul e 14 s@d8¥lel y hdiicsRT ek di% pidecb tantilet modige 142 configuralce pradidei ng use of

t 10. 100561 Aft t.t achment I t I dul d
3 Sposabl e BREFURLo SRR R FBert e RseCieriro i RvBlerShe Pl upon

recei vi ng aporkelértaddul]6 hdsictéd 13 hd fABged$@ivs oRFITRAS WM. oY € 1S
initiated by first electronic controller 404. Upon such initiation,

penet r at i onconsiedermoduly ipcorperatena Hisual insdicapns (@18t malticrlon LERY indicatingt art | SF 14
sanpl i ng. Tﬂ%j&@&ﬂgﬁhﬂ%fﬁ%@ﬁgﬁnj”itiatEd either by first electronic
of by nmechani

controller cal interaction by the user. 100571 First RF
link 412 of local controller nodule 14 is configured to provide

bi -directiopal_.comuni cati on bet n.the | gcal ,controller nodule and a

renot e conﬂﬁgﬂl er r’r&ld’lffa’]eco.‘i%?lgég}gﬁﬁﬁiléfse‘%?“g?“?q@ rje?fé‘;'geea&gétrofeovv_s of FIGs. 1
and 4. The hRsaltemenPdits fbCind D tikdrEctivelyQbMANAICERS vathY HiSptahblk tor (e.g., a
mul ticolor LED) indi catler;g the curreni status of the system [00581 Local

control | er #darexamplegoedpentglipaoduy Hapibe sonfigyredito eeniver@asur enent  data
from and t Q. eleRelibta? BYmGATTHE oaE 20 dtdlan FF R RRAA fac6 L i dge

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 electronic
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 controller 502 is adapted to control various
components of remote controller module 16. Second RF link 504 is configured for bi-
directional comimunication 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 controller module 16 can be, for

example, a graphic LCD display configured to present measurement data in a
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12. For exanple, local controller nodule 14 can be configured to convert a
measur enent signal fromanalysis nodule 20 into an | SF or bl ood gl ucose
concentration value. 100591 FIG 5 shows a sinplified block diagram
depicting renote controller nodule 16 of system 10. Renote controller
nmodul e 16 includes a second electronic controller 502, a second RF |ink
504, a second data storage el enent 506, a second data display 508, a
predictive algorithm 510, an alarm 512, a blood gl ucose neasurenent system
(adapted to neasure bl ood glucose utilizing blood glucose strip 516) and a
data carrying elenent 518. [00601 Second el ectronic controller 502 is

adapt ed to cedvViehieht fofthit @IS uset ATUIO0 PRBER an tash &Ml enterdave for fustheragiul e 16.
Second RF link 504 is configured for bi- directional conmunication with the
| ocal contr8@&emeBHul e 14 (e.g., second RF link 504 can receive |SF

gl ucose concentration related data fromlocal controller nodule 14). Data
received via second RF |ink 504 can be validated and verified by second

el ectroni c ¢aoet} ol | erTEeOlﬁcal Emrtltoliarmmrhm 14 18 edapteeddo smnmen:ie:itveﬂ seamdal so be

processed a zed d_el.ectronic cont | er 502 and.stored in
second dat aﬂgtllf‘%gﬁé)( %8% Sl u%d‘?u Bncu'g’és Otec qﬁ%’“ﬂﬁ‘?%\ retrieval
by a user onéfRIuddsie: dlépl.@ﬁ@dbtﬁﬁﬁg/ﬁid p?&c@é&[ﬂgtdﬂ@lu@cls@)neasctﬁérﬁm dgat@adi spl ay 508
of renpote controller nodule 16 can be, for_ exanp a graphic LCD displ ay

confi gured Pesspiadend wpiesispbiopntt fertheusen Bemote E‘HHWBPF reefulg Mt epatalsco a user
and to pr esgf&&%]n?m% sg§li‘a2!i/:8£ ﬁg{?gg@eafé&h Vid415:RE8 1 298] Fam R IROGEENT . 100611

The | ocal nt r ol to communi cate vi second RF |ink
504 to a repbidetemousigbicbsErconmdiriteond 6A fenthec funosn dffremaetrotmradlentmodilé er nodul e

16, i ncl ude e displa |n ar,i and o £ssi.n f ucose measur enent
data in a Egéssgr‘ﬁeg %EI i’t?ﬁ’gg %Sﬁtco? ‘[onf’t?)‘PgPﬁgdg &P5¢ Rermpt e control |l er
nodul e 16 Cﬁﬁaﬁiréi@ent@is&\ﬁiﬂﬁa’ﬂﬂa(sﬂx?léldaéﬁlnod/glﬁd:tﬂénﬁﬁ\ﬁféi’tﬁen‘t/btﬂﬁ@l@rY) alarmvia
alarm 512 for warning the user del eterious glucose concentrations. A

further funBigogreluspse wass Bcaniimdriyiiead ghsaes raeasurement system 514 can be

used to verify blood glucose values calculated by predictive algorithm 510. Remote
controller module 16 can also be configured to provide for user specific data (e.g.,

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 procéssing 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 altemnatively performed by the

local controller module.
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16 is to neasure a user's blood glucose concentration using bl ood gl ucose
"measur enment system 514 and a single use blood glucose neasurenent strip 516.
Bl ood gl ucose val ues neasured by bl ood gl ucose neasurenent system 514 can be
used to verify bl ood glucose val ues cal cul ated by predictive al gorithm 510.
"Renote controller nodule 16 can al so be configured to provide for user
specific data (e.g., event tags, state of mnd and nedical data) to be
entered and parsed. [00621 Renpote controller nodule 16 is configured as a
portable unit and to comunicate with |ocal controller nodule 14 (e.g., to
recei ving glucose neasurenent data fromlocal controller nodule 14). Renote

control ler npgidf e 16, mtdHELred BleoBitate R RY¥duAGSenPoREDIOVE EilcRe RvBPLG and
conveni ent platform for managi ng glucose nonitoring-related data (e.g.,

storing, di ddodpinple&BS), plood glrsdsggneaturgnent sxttem fivhis povided as &l mtegthl dat a) and

can be used t pne tune thera | L.~ dasulin admnistration).,Functions
of the rem)tpélgg 8%) rr%?#%?onr%@teﬂ '(%XT&G (L,é;nﬂllenbg?ogiogéuctoﬁeemead'gfﬁlg?ti XYM bri ng and
processi Nng Gfakbsm@isuearat Wik a brod gludesedirgis 18yorPivhitingblobd aenplgleycase val ue
calculated from| SF ?Iucose dat a, By incorﬁgrating such functions in renote
control | er rEpAfblopd) hasbesrplagedafhe srsuling blepd glupese mepwiameeny ean hehe sj ze and

conpl exi t I : 1o However, if desired,
mp y %&rgh%%ﬁol gehgaagé &l egc?l@méh%y };éealghee 5’%‘2@&?1"'

the renote nodu unct1 ohs scri bove can be alternatively
performed by the |l|ocal controller nodule. 16 [00631 In order to facilitate

a measurene the bl ood gl ucose | ev in | ood_sanpl e (BS), bl ood
gl ucose mea%[wg nt s@%’?%tﬁcgﬁ%qﬁgmﬁﬁi@?/%‘é@ Oé’go‘éaﬁlyi"fﬁ’@{jfaé? 2 part of the
remote cont reemhfhicARAHHoet, Sfeh ad Beerlll 6QAMEALLRE Qo BRS tHMMBAFIGYE em 514 nmakes
a nmeasurenment with a blood glucose strip 516, on which a bl ood sample (e.g.,

a 'drop of [ty cayeuieation ppeeaE knowrintheyt.donrgamplece Ri2d2 08EEmeasur enent
can be COW%&ﬂﬁ:aﬁd?Wﬁ&?&l Y2k B5s. CAlchbAhtliconHofiS Lantte fEadaly, 90T | t hm 510.

100641 Renote co ol I'er module 16 can optionally ‘I ncorporate’a

conmmuni cat i adopat for expogingasred data fozn esemaliditcmanagemgosystefmokesdtown in FI G
5). controller module 16 also incorporates a programmable memory portion (not shown in
FIG. 5), such as a reprogrammable flash memory portion, that can be programmed via
a communication port. A purpose of such a 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 controlier module 14.
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Sui t abl e communi cation ports are known in the art, for exanple, an RS232
(IEEE standard) and a Universal Serial Bus. Such conmunication ports can be
readily adopted for exporting stored data to an external data managenent
system Renote controller nodule 16 al so i ncorporates a programrabl e nmenory
"portion (not shown in FIG 5), such as a reprogrammable flash nenory
portion, that can be programmed via a comrunication port. A purpose of such
a nmenory portion is to facilitate updates of an operating system and/ or

ot her software elenent of the renote controller nodule via conmunication

t hrough the communi cation port. [0065) The renote controller nodule 16 can

further inchgpde; a CONMRIRLGAY bREyondd &htr&mtmBf)ﬁ@ﬁ%ﬁ&ﬁn&f&%&&qﬂsdata
carrying el enent 518 and conmunicating therewith. Data carrying el ement 518

can be any swnfigatsddo mazmefchtasga\mjl @Itenenfnrm v@mumalgwthrns Qne parbeddr as a " SIM

data carryin nent Lt - ch a.carrying
el enent 518° %?ilﬁtlmﬁ] rreg@:?‘égegg%wlél%r Ibegga car %%’m@:izli)gnlg)can contain

di sposabl e ghtdseilelgn. p.rs@cbmfswmeldmfermewﬁg ﬁmé’é)ﬂ)atwesmeﬂhngé‘s of@hicb&y ati on data
and lot identification nu The renpte controller rmdul e 16 can read the
data cont ai ﬁ%e%ﬁ‘tla’étna‘h%%tlf’?%?%e%ﬁeé e sAFespondng sheneg of glUease be enpl oyed

in the 'nteE&%&ftﬁarubHYhtﬂéISchﬁtﬂe%erQFﬂéﬁi@ﬁ@ezﬁ rithh 846 18 d sEhqnst he | ocal
nmnodul e 14.

controller Al'ternatively, the data on data carrying el enment 518
can be commumihemetichl bperatioas pdrdon¢d eothe stoteldeneamdutxe dat4 to/tahe gggond RF |ink

504 and can_be rgsed in.data %es%ﬁa rh‘{ el %'I){ {;ﬁ cal ontrol | er
modul e 14. IFCYBYETFIPHE REEESTES S B SHIdot 9&P1S %mote
controller Bﬁx&uheoﬂtﬁebﬁdlc@@mﬂgoﬁmdm@ahaitﬁﬁmﬁbfﬁhammd@mcw@l lbveks to perform
various algorithms. icular algorithmijs predictive algorithm 510
for predict bagd A the I%Elﬂ?‘@e {G\X)Flt i the Breélcﬂ"ﬁhﬁ&?r)ﬂ“néllﬁéﬁé@tsl18’\’7’@1“:?05%5 there is

a tinme differanceial &9 bk HRnPSLMESTE ARFELR Wim HoUEATE a RGN ration in

t he bl ood of the uSer and the correspondi ng change of glucose concentration
in the | SF plysiolngicabevent sp;ple@h hypoglecenligonmiskiofrdnd Ased! ke apprecagddly

Imrﬁ (r)lemat ! CaLho eD st< l?ed n? ﬁ'ls agetil glr rregl 1 nr{a} l:to]eeco%pg'){seecfj c:)fm3 )? gul{{agp%lgaldat a to take

including an andible, visual or vibratory signal, warning either the user directly or the
user’s health 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 1t 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.

10069 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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account user specific paranmeters reflecting individual lag tine

rel ati onships. The outconme of the predictive algorithm510 is an estimation
of the blood glucose | evel based on the |ISF glucose level. If the
predictive algorithm510 predicts |low glucose |evels, a signal can be

rai sed and alarm 512 activated to warn the user of a predicted

physi ol ogi cal event such as hypoglycem a or risk of coma. As wll be
appreci ated by those skilled in the art, the alarm 512 may be conprised of
any suitable signal including an audible, visual or vibratory signal,

war ning either the user directly or the wuser's health care provider. An

audi bl e si gnioritten Proy tias predictsddoodigluvbid consekieatioh basedsnardistrgd USFer

encountering a hypoglycem c event. [0068) The difference between an | SF

gl ucose val BFPEIRREHEAMAPon) at any given nonent in tinme and a bl ood

gl ucose value (concentration) at the sanme nonent 1in tinme is referred to as

the I SF glucose lag. | SF glucose |ag can be conceivably attributed to both

physi ol ogi cd0078hd necPradicayd algmithra 640 cafihfor pramyile kakgitheedeneralfooe: of | ag in

| SF glucose is related to the tinme it takes for glucose to diffuse between

the blood and interstices of a user's skin layer. The nechani cal source of

lag is related to thpredefehdlbodpihcoe\H RISFLIRE,, ind ratbfPainferadtioh rmspnpl e.

[ 00691 Enbodi nents of devices, systenms and nmethods according to the present

i nvention ni“heat e (reduce or mininize) |SF glucose |ag due to physi ol ogical

sources by applying apg 56h€a3 LRGN IRESL® h@32 user’s skin layer in an

oscillating manner that enhances blood flowto a target area of the user's

skin layer. |ISF extr ack asimdesvinicgers ofweelucibatvesulé apd Bssure ring(s) according
the present inventjon S. td i bled i n,detail below apply and rel ease

to . . Y p. B2 int&2RIVAGES 1 b .
préssure in this manner.” "‘Anot her approacﬁ to account for lag in I SF glucose

is to enploy an al gorisFhigapeagired ISFetlicodei wame Whthahgg@bsdripttipPihdicafidgat predi cts
bl ood gl ucose concentration based on neasured | SF gl ucqse concentrati ons.
[0070] Pr edi"dushASE Xplypisibeifgrefemediant.e-{Uor cuBeatiaiug, | T aRe valnebagkndTal form
Predi cted bligedaglupase.s f(1SFik, rate” ma" ratem interaction terms)

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, i.e., 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

maprate;, 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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where: 1 is an integer of value between 0 and 3; j, n, and mare integers of
val ue between 1 and 3; k and p are integers of value 1 or 2; ISF;, is a
measured | SF gl ucose value with the subscript (i) indicating which ISF
value is being referred to, i.e., 0 = current value, 1 = one value back, 2 =
two val ues back, etc.; ratei is the rate of change between adjacent |SF
values with the subscript (i) referring to which adjacent |ISF val ues are
used to calculate the rate, i.e., | = rate between current |ISF value and
the previous | SF value, 2= rate between the | SF val ues one previous and two
previous relative to the current |ISF value, etc.; and ma" ratemis the

novi Ng aver dgderygiutpbe Awgsical axlingleof a parahagehatehn bgdaerpiingddasdd ohSF val ues,

with the subscripts (n) and ( referring to (p). the. nunber of |SF val ues
i ncl uded i ntErHEORER ﬂﬁzw &gegoaw qfrrﬁb%l%é)fﬂrﬁﬁ@% pdgiatmansiErd fafesibi ng
adj acent avgtraaiggic\g%gﬁgtihgﬂrﬁi ve to the current values as follows. [0071]

The general formof the predictive algorithmis a |inear conbination of al
al l owed ternms and possible cross terns, with coefficients for the terns and

cross ter term ned through reqression anal ysj f..measured | SF val ues
and bl ood ”BP% se vgﬁﬁégné M%WEW@?ﬁEG%W” Hdne %%W@nggF i sition. Further
detail s regadrflidag 2 Qunediceifigteedab B Wotom the Wkih alph @ser @f ord&rao kighplifist ens
according to the present invention are included in U S Patent Application
No. (Attor néamnhgs ped mypjtoring gf Bifiprractediomphg useng skamlayver{sesfies #8d by
reference. (0072] As will also be appreciated by those skilled in the art,

the outconme of +the predictive algorithmcan be used to control nedica
devi ces sucl0034] i nsulDuring selef] theysystgrpmbpsliment p{/BiGs al -1@ xisppsableof a par anet er

boi us of i nGUFR: Lo st mrord et Bodo el Botphd eSS, “poi me in
tinme. addition, the combination of disposable cartridge 12 and local controller module 14 is

configured to be worn by a ﬁser, preferably on the upper part of the user’s arm or

forearm. The local controller module 14 is in electrical communication with the

disposable cartridge 12 for purposes of measurement control and for receiving

measurement data from the analysis module.

[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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[0073] The conbination of local controller nodule 14 and di sposable
cartridge 12 can be configured to be womon the skin of a user in order to
sinplify sanpling and nonitoring of |ISF extracted fromthe user's skin

| ayer (see FIGs. 6-8). [0074] During use of the system enbodi nent of FIGs.
1- 10, disposable cartridge 12 is located within and controlled by |ocal
controller nodule 14. In addition, the conbination of disposable cartridge
12 and local controller nodule 14 is configured to be worn by a user,
preferably on the upper part of the user's armor forearm The | ocal
controller nodule 14 is in electrical comunication with the disposable
cartridge 1720079y pur pases sl&fwsrthcabualenﬁtmnecﬁnﬂml@l14aﬁek ihRftichadeievi ng :
nmeasur enent data fronu%%e anak§5|s no, uIe 0075& L@Brln to FIG 6, |oca
control | er Aiaerelle sartnqge|if el alf‘ioflg?]edgtoéued“@ﬁ E\ b dhea pair of straps

602 for attehiERont tﬁeh:ﬁsp'o%?é cafiABid é'ﬁ'd'l&ral ERENE richiu)d dhid 16 afth BT PT @ user.

FIG 6 also depicts disposable cartridge 12 prior to insertion into | ocal
control | er meduFi§i. 84lso[depiza reth@e conteilenwoduld bh tooated ivthind¥F t he | ocal

controller nodule 14 pri Q nserti f the disposable cartridge 12
into an i ns@?’??’&?fc%lﬁ’\l?lrﬂge%&‘ 60(:3{\;?0(5‘@8%%“04083 19‘ control I er modul e 14. The

di sposabl e cartridge 12 and | ocal controller nDduIe 14 are configured such
t hat di sposable cartridge 12 is secured within the insertion cavity 704 by

nmechani cal 178, | n HEdP isakrossispetionglsifle vigmeham interstifel e 8D and t he
i SpoSabl o CarLfyfic 305t oldihal Lhliigln CABRNDIGRL RO 2 St of ol ded

cont act that are provid cartridge 12. These nvol ded
cont act padmveﬂtﬁﬁ QSEextmcmHgdeytcp 800 mlmsatpmemmnmmemhan?%a ppEssse 708

provi ded wi he. i.nsertion 4 of. the |ocal .controll I rmdule 14
b the af ok ddadey HishkagdeCae AL, { B Hrin e ERne i baFetperoa. 20
[00771 FIG 9&@&@5\@55@@@@@ )control |l er nodule 14 after insertion of the

di sposable cartridge 12 into %ocal controll er nodule 14 and attachnent . of
the conbination of the disposable cartridge and | ocal controller nodul e

onto the ar r[ﬂ(ﬁ§] a Penetration member 902 is configured for penetration of a user’s skin
layer at a target site and for the subsequent 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 (1) 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
osciilated 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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user. FIG 8 also depicts a renote controller nodule 16 |located within RF
communi cation range of the local controller nodule 14. [00781 FIG 9 is a
cross-sectional side view of an interstitial fluid (I SF) extraction device
900 according to an exenpl ary enbodi nent of the present invention. |ISF
extraction device 900 includes a penetration nenber 902, a pressure ring
904, a first biasing nmenber 906 (i.e., a first spring) and a second bi asi ng
menber 908 (nanely, a second spring). 100791 Penetration nmenber 902 is
configured for penetration of a user's skin layer at a target site and for
t he subsequent extraction of |ISF therefrom Penetration nenber 902 is al so
configured to remain in (reside in) the user's skin |ayer during the

extraction of |SF therefrom, Penetration nmenber 902 can, for exanple, remain
in the userl0@Wkin | Byssurs ene rupieallyhas der engsuple, anpytsids digmgtergn ficcont i nuous

or sem CO”ter{ryé%‘l‘&o@’ﬁcgl@Ho'(ﬁb iﬁéhe!;%aﬁ%icﬁﬂ&& t&gﬁteﬁfash R ®&Atn

di scl osure, orfe skilled in the art w recognr ze that the penetration
menber can @6 Yean khe ratge of 92 ischsktio®.Udayahes. f or an ext ended period of tine
of 8 hours or nore. 100801 Pressure ring 904 is configured to oscillate
bet ween a depl oyed state and a retracted state. Wen pressure ring 904 is

in the depl qyggt) st at eFirkibiaBiRleld@fnt W6AS soafigurb@id 28 pretreipkion | ayer
surrounding the target site, while the penetration nenber Is residing in
the user's <Rppstthauser’s skipfayer(i-¢-ofoplare prgsure ringt984 ia adeplpyedistabm abd  1SF from
the user's I hi ) 0l of F
extraction §§gé\gﬁa%§¥§s38@?% g@P %’rS%)%lgﬁrr%?dél,lé%ﬁn%hgqulgicgﬁ%ﬁqéﬂgg%éggcri bed
above. Wien ppnamsion membem?P230¢h that thapeaetration acmber (Ehetratgs the taggepsitees ei t her a
m nimal pressure or no pressure to the user's skin |ayer surrounding the
target site. Since pressure ring 904 can be oscillated between a depl oyed

state and a [pe¥3| act edThS leSsurd (fstcd) apRlicl Bins@ R Mscds YIBA 1ayROky th Pre@furd USEr' S
skin layer i's under pressure can be controlled, thereby providing for the

user's ski nring(deantke, fasewanenle.am theranga of figm pbaut | i Gesndspee squagel [ 0081]
Pressure ring.984r LYbhisRl by fof@Ser &O¥s-sCt R plessi?rify hi3h) 8 i T4 Er, 1 N the

pressure of approximately 50 PSI has been determined to be beneficial with respect to

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 Serial No.
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range of 0.08 inches to 0.56 inches and a wall thickness (depicted as
dinmension "A" in FIG 9) in the range of 0.02 inches to 0.04 inches. [0082]
First biasing elenment 906 is configured to urge pressure ring 904 agai nst
the user's skin layer (i.e., to place pressure ring 904 into a depl oyed
state) and to retract pressure ring 904. Second biasing element 908 is
configured to |l aunch the penetration nenber 902 such that the penetration
menber penetrates the target site. [0083] The pressure (force) applied

agai nst a user's skin layer by the pressure ring(s) can be, for exanple, in
the range of fromabout | to 150 pounds per square inch (PSI, calculated as

force per ClARESMELDbLLRNRL. Mﬁmﬂﬁvlﬁémgh@é?aﬂmy iRofpblafedhe@M i, @ pressure
of approxi mately 50 PSI has been determ ned to be beneficial with respect to

provi di ng adfergneee | SF f1 ow while mnimzing user pain/disconfort. [0084] In
t he enbodi nent of FIG 9, penetration nenber 902 is partially housed in a
recess of the oscillating pressure ring 904, the depth of the recess

det er mi ni ng [0083] maxi nDuripeuse tof IH exractizptdevioé 90(0) @ spenethadhdlades B$Frber 902.

Al t hough not explicitly sho i.n FIG 9,,t§e eng&&a{ion nmenber 902 and the
osci | | at i ng SHrasdien Aevice 0 1pp/aced 2821BY 28T SPkPdpyr M thepressiee SRePREr and
applied tO GueidpSBE siin B6E, For éz\iﬁ?le‘,Pﬁﬁ@}%%’ﬂms@&m%ﬁﬁ%ﬂ%hﬁg‘éda&a@%@ﬁk During use
of I SF extraction device 900, the oscillating pressure ring 904 can be

depl oyed f oskigtepriente aibniget Bhe bilgy is shenpewetiategdde.2.alatcedbby thopanewatéond pressuri ze

a region of the -1g hus .t i n Lt,ve pressure to
pronote fl oW B é@qﬁlrsgfgﬁp %S%Se"{tbfv’%qtﬁf%ﬁ e%%eedrj&gg?e%il@g%%]le P’F desired, |SF
extracti on @gemtratoPOmbaPiL adthanstoallpongiriAlyivithidptlin. control el enent (not

shﬁwn) for limting and controlling the depth of needle penetration during
| ahci ng. Exanpl es of suitable penetration depth control elenents and their

use are desgggsRpd | N theowP AhEHH th P! shinpleibeig SRtdcal if\NRitialerelMVEQr Ney Docket
No. LFS-5002], which is hereby fully incorporated herein by reference.
high but typically declines over time. After a period in the range of 3 seconds to 3

hours, pressure ring 904 can be retracted to allow the skin to recover for a period of
about 3 seconds to 3 hours. Pressure ring 904 can then be re-deployed for a period in
the range of about 3 seconds to about 3 hours and retracted for about 3 seconds to 3
hours. This process of deploying and retracting 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 JSF 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, 956B
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 954A, 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

23



[0087] During use of |ISF extraction device 900, a systemthat includes |SF
extraction device 900 is placed against a user's skin layer with the
pressure ring 904 facing the skin (see, for exanple, FIG 8). The pressure
ring 904 is urged against the skin to create a bulge. The bulge is then
penetrated (e.g, lanced) by the penetration nenber 902. An I SF sanple is
subsequently extracted fromthe bulge while the penetration nenber 902
remains totally or partially within the skin. [0088] The flow rate of the

| SF sanpl e being extracted is initially relatively high but typically
declines over tine. After a period in the range of 3 seconds to 3 hours,

pressure ri RektedVfbr eRtuchfy badily Alaided de@ribed byve el Hididy the syseeRNefinst or a peri od
of about 3 seconds to 3 hours. Pressure ring 904 can then be re-depl oyed

for a periodheusersskin li¥ehge 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

depl oynent &M@1} et r acRressmrecipg 964A éasrtbermrgé@aﬁbismhe sy uiandayer by t hat

di ff er ent ds, of t f h | 089], FI 10 and 11
are oross SEBURBREPe IR PERRtFrE s ue o PEYTEBEDIRFT ebpith,y | g
extraction gepsbfRnPpkd 1asee idl, PenduQted)IH) méua&mwmmﬂ&?@&su&f the

present invention. 1SF extraction device 950 includes a penetration nenber
952 and a piraPHA tsynwfe(e@nk@mﬁd)cﬁpssyreméﬁ@%ancbpre@gmrelgr%‘lgsca@bm 954B

and 954C. | I, first

bi asi ng el e?&?ﬁtﬁ%@g%&%@ggﬁ é@zlinog] %@’gﬁt‘%ﬁ@?ﬂ“ﬁg EirégB @9%}%3%%&&%“ ngs 954A,
954B and 956C, respectlvely, tomard and agai nst a user's skin layer, a
sgcond bi asi el ene for ch|n etration nenber 952, and a
penetratlonlﬂgﬁkh co”%? ‘%H@ﬁ? qﬁ@ﬁd' ?Hﬁ“ﬁ§g m SEWBIS r act i on
device 950 kg p@ﬁ’eﬂahb@ﬁ@ﬁb&%hrésﬂ@& mim@s)symauywmﬁ 3544y ’s &afByand 954C are
facing a user's skin layer. This can be acconplished, for exanple, by

enpl oyi ng | Sﬁe@ahoﬂh%@GPWSth dispressurs rog A tA 6en begamcieddp allowthesy st em f or
extracting *ageﬁj glg%@hg r@vE 9SS {afE PRGN The Fihe BE AP Y sdcBfas Y St €M agai nst

t he user’
hours. After retracting the pressure ring 954A, pressure ring 954B can be deployed to

apply pressure 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 956B, 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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[ 0091] Pressure ring 954A is then urged against the user's skin |ayer by
‘bi asi ng el ement 956A,
will subsequently be lanced (i.e., penetrated) by penetration nenber 952.
Whil e pressure ring
pressure ring 954C can be maintained in a retracted position by biasing

el ements 956B and 956C, respectively. [00921 |ISF can be extracted fromthe
bul ge forned in user's skin layer while, the penetration nenber 952 resides
totally or partially within the user's skin layer. After about 3 seconds to

3 hours,

thereby creating a bulge in the user's skin |ayer that

954A is in use (i.e., deployed), pressure ring 954B and

the pressure ring 954A can be retracted to allow the wuser's skin

| ayer to recdeseibed sbove. ForRample] Ddqueicd (i Heangrin @fhicRedsurd ring©o#Bisr t 0 3

hour s.

depl oyed t o 934pp §prpf

After retract.

g the pressure rin 54A, pressure ring 954B can be
L efore ar<Sice e 994y -P%I@Rq» PRofe{jat oneViFESFWe fRgsdur e i ng

954B is i N YaQiellbhyd simulBRPHRNE Ebr xRMBRSHE BmbbMtheRhOWABIFIRCRPMIGY 1" | N 954C

can be

mai ntai ned I n

a retracted position by biasing elements 956A and

956C, respeacti deilgy allithtee preasuré nmegspanilioocovsly sadhabat e wesordmgs Gmdtidrour s,

pressur

eri

954B can be retracted for a tine period in the range of 3

n
seconds to égﬁéﬁﬁ PISSiTF 6%&d by the depl oynent of pressure ring 954C.
Pressure ring 954C mai ntains pressure on the user's skin layer for a tine

peri od

in the range

of 3 seconds to 3 hours and is then retracted for a

time period {94 he r akgjehesmbpdiment shoga in F1Gs. AG ands11, Whei presswe éppligde ring 954C

is in use (i
be mai nt ai ne

A and 9568B,

agﬁnst ofeRE Sy &) cagpfo?éﬁﬁﬁp?e, f&ggggo%%ﬁ@ht . oWSB?ﬁﬁHc% g%ﬂ ng 954B can

In a retracted position

lasing elenents

respect i vel ysquathinsh FSdEfes sachfof thy gilumigty lo€ pressare mkegs] oynent  and retracti on of
pressure rings 954A, 954B and 954C can proceeds until fluid extraction has
ended. As with the enbodi nent shown in FIG 9, the deploynent and

retract
1 are

pl urali
pr esent

i on qmgysfs in

pref erab

tTiE preddukd g8 954 £ IBYBand b5 Nad, B tkadple s 10 and |

g y asymmetric in that different §eriods of tinme are used for
each cycl e. diapreas offin dhesrangeof DO to P Sethiachast 0.q §.

9 tiches andOdgite 986t hat a

ty of; ! | ' j ing.to th
Y iR ecivelt! AE Al blREes 81 R bleSdhed ) fide SC QMR © | 1o

n any at one rs not limted

to the depl dyamenge c@d2rted0dmichen sequence 24

[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

negligibie 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 (1.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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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 be deployed sinultaneously. For exanple, the enbodi ment
shown in FIGs. 10 and 11 can deploy all three pressure rings simultaneously
‘such that the pressure rings function as a single pressure ring. [00941 For
t he enbodi nent shown in FIGs. 10 and 11, the pressure applied against the
user's skin can, for exanple, range fromabout 0.1 to 150 pounds per square
inch (PSI) for each of the plurality of pressure rings. [00951 The pressure
ri ngs 954A, 954B and 954C can have, for exanple, outer dianmeters of in the
range of O. []E98]0 0. Safclsierefs ledstbnt preSside ring nestraotidn devicestadcdddiip | nches,

respectivel The wal I thickness of ach 8t?é_ssure ring can be, for exanple
in the ranfehepregeuhmvension pry! fﬁéﬁ‘@@ rofchsrafitafish qesillatipg thepresseer e ring of

extraction geyiaesyahaUefbid 4ha raractealsra?ergeareg tsemﬁgn@ﬁ'enﬁmucaf isfhe present

invention can; 1f desired,” be a flat ring (see 40 for the purpose of
keepi ng t heglne@dﬂ@ |Uponmerag@@rofsh@m\essutfay@(8),vwwsbm ap leyiserds skirelgyargi bl e

K f [ |
Gl o Vi ow of Sepaperaieor T ot Bra BT iR Rine bt p & A B dmdb e s ce 070

accordi ng t This pRerdidefénia khoten Mmbahyp@aﬁﬁdnmmyp@ﬁestzb@twﬁsent i nvention.
| SF extraction device 970 includes a penetration nenber 972, a pressure

ring 974, ameshgnispytyehishISF .lhgengﬁealharepremssqd ipthedargef sHebpercilbtien el o | a
first spring) giéagurphgag)neum r@fiGRsHM Gt bf RY h%élnmqneg n§ BQetlvdeh asi ng_menber

978 (nanely, second spring) for birasing the flat pressure ring. [00971 In
thls al t er ntie éSEplibowse mediwhole hlvof Elcoservebrsir e ri ng surrounds the needle
(i.e., the penetration member 972) and contains a hole of sufficient size to
]USt allow the needle to pass through. The flat pressure ring preferably
has a di anefoep9jof 0. AbtepbéheBbof IBE BLBactidh dé@&@&cofmg td3heOpteeht at | east one
pressure ring in extraction devices accord ?

invention is that oscillation of the pressure rmg(s) allows the skin under the pressure

ring(s) to recover, thus reducing a user’s pain, discomfort and the creation of

persistent blemishes.

[00100] 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) further 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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to the present invention 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 increasing blood perfusion to the target site. This phenonenon is
known as reactive hyperem a and is hypot hesized to be a nechani sm by which
| SF is beneficially replenished in the target site by oscillation of the
pressure ring(s). Such a replenishnent of ISF helps mtigating the |ag
between the |ISF glucose and whol e bl ood gl ucose val ues. [00991 Anot her
benefit of mhSkufkxicha® tompleftosies sn@eoihe pregutaaiiddeapbeatdiioyedyention i s
that oscillation of the pressure ring(s) allows the skin under the pressure
ring(s) to FREBWISE exiipfiiope i Bisppngen, e gymicoptiuqus EﬁFs%B’R&(ﬂxfm‘éﬂﬁﬂ “Ahe creation
of  persistgni.-hhaehshes. [00100[ Moreover, extraction devices with a
plurality of pressure rings (e.g., the enbodinent of FIG. 10 and 11) can
be used with at | east one pressure ring pernmanently deployed to facilitate
| SF col | ect| ile the othe essure.ri.ngs are..oscill ated. between

depl oyed anhﬁy%%ﬁ]act eddwgf"%lfrésgé gﬂgti"f H%?fe“gfj‘!s?lgsgjéenPn%f*kélzegggfhetaﬁtew er's skin

| ayer are URg&iZeties ISH xtAttidiYevibyRBordingRo thOpeReGinniat éaambeof per manent |y
depl oyed pressure ring(s) and oscillated pressure ring(s) further aids in

reduci ng a cmRleyeddn pypuigtypkysisms includmgohy npt lispited togsystems forpef i t of | SF
aue = . ; o o
extraction Qﬁ?ﬁbt?&%é@%ﬁﬁﬂﬁﬂﬂg s{uﬁ;t)lé B&d ﬁBﬁlﬁﬁﬁg ﬁgé‘rﬂ%agglrt%%ﬁéas &aéégr{xbeh € pressure

ring(s) can be used to contro he con ucose
measur enent al@ie. aForexample thel INFSX tractivpldevics cambeleroploged iFasareplampidele  an
el ctrochenifal | ucose sensor is nore accurate and precise if the |ISF
saﬁple f1 owPt S t the glucose sensor is constant or static. The
pressure ring(s) of |ISF extraction devices according to the present

i nvention cany@éovide a controlled flow of the extracted |SF sanple. For
exampl e, relWHi on Sefuree 9ridgsl: a method (1890 foapontingpus ogiection @bp | ow for a

time peri odihluefol (REFPALPs b Mo LB 1] S SbiBik-AbUBASR orBRNCENT rati on

measurenent to conducted. Once the glucose concentration
present invention includes providing an ISF fluid extraction device, as set forth in step

1010. The ISF fluid extraction device that is provided includes a penetration member
and at least one pressure ring (e.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
is to be extracted). The pressure ring can be contacted to the user’s skin layer using
any suitable techniqites 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 penetraﬁon
member, as set forth in step 1030, Next, ISF is extracted from the user’s skin layer by
the penetration member while pressure is applied to the user’s skin layer in an
oscillating manner that mitigates an ISF lag of the extracted ISF, as set forth in step

1040. The various oscillating manners, by which pressure is applied, in methods
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26 neasurenent is conplete, one or nore of the pressure rings can be
redeployed to continue |ISF extraction. In this nmanner, a sem -conti nuous

| SF sanpl e extraction can be acconplished. [00102] Once apprised of the
present disclosure, one skilled in the art will recognize that |SF
extraction devices according to the present invention can be enployed in a
variety of systens including, but not limted to, systens for the

extraction of a bodily fluid sanple and nonitoring of an analyte therein, as
descri bed above. For exanple, the |ISF extraction devices can be enployed in
a sanple nodule of such systens. [00103] Referring to FIG 13, a nethod
1000 for contdopdifigfo ©Opledit in¥enth hate bekPtessAbad Botd With fespéeefo GskKI-n | ayer
according to an exenplary enbodi nent of the present invention includes
providing af2{ SF fluid extraction device, as set forth in step 1010. The

| SF fluid extraction device that is provided includes a penetration nenber
and at | east one pressure ring (e.g., a single pressure ring or three
concentric [0EO6Lre Thafpdhwinghrappecteratto dsmeabarfiaabaspessfiivagousi ng(s) can
be penetratio nber and ressu rings, as described above with respect
Lo | SF ext r SEPPURABA 0860 o~ ttfreth o dboiing 1 e PRETS PESHIP. | nvent f on,

[ 00104] Next, as set forth in step 1020, the pressure ring(s) is contacted
with a wuser's skin layer in the vicinit of a target S|te (e 9., finger tip
dermal tissu@10Zf get Ekareple 1:;Impaghofian o8 I | e [1Rholn bi i site or

ot her tar get, gn&r@a“ﬂﬁi@t%&s%{ﬂa@ﬂ !§SF Ei@gl e is to be extract ed). The
pressure ri er's skin layer using any suitable
t echni ques including, for exanple t hose descri bed above with respect to
enbodi nent s stenpg an vi.ces ac ord 0 the present vention
[00105] Thel ‘?‘Lngﬁt si £ 0113 RE mjags pe #P'ﬁ?‘ét?&c %C‘ﬁdﬁéﬁe‘wefﬁeﬂtfat ed by
penetr at ' on 1nt5§$9f9?1r0m @§2§ ﬁiuafe%éﬁthnét& ﬁéa%pr%Q%telﬂ}@éﬁiered mithd Bsigxbfacted from
the user's skin |ayer enetration nmenber” while pressure is applied

to the user 'PEessite ring atta@ ed ta aahbjwéufwmn nidhe peassves ringibad an aufsidet es an | SF | ag
of the extr %‘f’a’in%gcr o?ﬁ 53 fxches Jnd aQaFaElrthlclrche% §t0.03 inches. Baseline data were

collected prior to deploying the pressure ring against the subject’s skin layer. The

pressure ring was deployed against the skin layer for 10 minutes with a spring force of
0.5 Ibs, retracted from the skin layer for 30 minutes, and then this cycle of deployment
and retraction was repeated. The pressure ring was subsequently deployed against the
skin layer for 5 hours, raised for 1 hour, and finally deployed against the skin for 10
minutes. The average perfusions in the 0.25 cm sq. measurement area are shown in

the graph of FIG. 12.

[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.e., blood perfusion
was reduced with the application of pressure), in comparison to the baseline blood
perfusion. However, removing the pressure ning (i.c., releasing the pressure) not only

reversed this effect, but actually increased perfusion beyond the baseline.

Example 2: Impact of an oscillating pressure ring on ISE 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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1040. The various oscillating manners, by which pressure is applied, in
nmet hods 27 according to the present invention have been descri bed above
with respect to FIGs. 1- 12. [00106] The foll owi ng exanpl es serve to
illustrate beneficial aspects of various enbodiments of devices, systens
‘and net hods according to the present invention. [00107] Exanple 1: I npact
of an oscillating pressure ring on blood perfusion in an area wthin the
oscillating pressure ring [00108] Laser Doppler inmage perfusion data were
collected at sem -regular intervals froma 0.25 square centineter area
approximately centered in the inside of a pressure ring attached to a
subj ect' s f gprezadure, i vhich besdine blopd perfisih namaswahaitdeere diadeeh eslanind). 53 i nches
and a wall thickness of 0.03 inches. Baseline data were collected prior to
cepl oyl ng ¢ HETSEHRSGkES 8 1P AL B NGRS A BE i G 0 RARICIPHSAyBR ISP br eosur o
ring was deghteshoeombibdanph, &hteB] ISE%RHpEOindRatdl ISH AfpWs bkt Spring force
of 0.5 1Ibs, retracted fromthe skin layer for 30 mnutes, and then this
cycl e of depbbsetadrat 15 myrite iatareads ¢von2 weredrad da b beurs. Thentrpl Bdsumplesi ng was
subsequent |y denpl.oye i - LN for . raised for 1
hour, and f i)(“ﬁeé? ;;a 1%ﬂep 0%‘3%3 %EB S%t%gf? reti%‘lésr\”s’ Iﬂ?&r(lf%g rSQngS’e?n%%{;} %lgt.l g aver age
per f usi ons itRate BSFsamples WMestpbtainaisty mandpilatimp eiee sabjectdwinlayenwithiag gr aph of
FIG 12. [001Q09]. As can he seen iE Ehe graph,in FJ?. 12, .depl oynent of the
pressure ri RECIHEEREST BB ADPRIE 1S P 6hO FoPr(HERGPERILMRIERSHY he pressure
ring (i.e., bhRRGEIDGidSIADLE aMRisrowaddsifRsl i ibdienaiRlibkahdiiingf pressure),
in conparison to thé baseline blood perfusion. However, renoving the
pressure ri ngpulin ard oralhypeglytemics: sueh heemesy pdyectigrpaianged atisganddl ithi s ef f ect
but actuall%k%gch%g%ed perfusi on beyond the baseline. Exanple 2: |npact of
an oscillating essure ring on | SF glucose lag [00110] A study was
performed to determ ne the inpact of blood flow on I SF gl ucose val ues
during use of an oscillatin essyre ring according to exenpl ar
embodi ment s [#1the prjé‘éeéFﬂa“i%r{géﬁ"tr? £s WBFG\E‘%?'V?EY %bﬂ‘?&:apg%}”éﬁlé’ 1aeéder went a

pounds 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 aiaout 1 pL of ISF was
extracted from the dermis of the subject’s skin layer by a needle and deposited
automatically into a measurement zone of the test strip. An unmodified OneTouch®
Ultra® glucose meter and strip system was used to determine whole blood glucose

values from the finger.

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

for each subject.
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28 procedure, in which baseline blood perfusion nmeasurenents were nade on
vol ar and dorsal portions of the subject's forearns. The subjects then
participated in a test, in which finger blood sanples, control |SF sanples
and treated | SF sanples were collected at 15 mnute intervals over a period
of 3 to 6 hours. Control 1SF sanples were obtained fromthe subject's
forearns without any skin |ayer mani pulation and treated |ISF sanples were
obt ai ned by nmani pulating the subject's skin layer with an oscillating
pressure ring. During the 3 to 6 hour testing period, blood glucose was

i nfluenced by ingestion of a mcrowave neal and di abetes nedi cations
including insulin and oral hypoglycem cs such that npbst subjects
experienced a rise and fall in blood glucose. [001111 The treated | SF
sanpl es mer@“%?ﬁated'%®8§%blying approxi mately 150 pounds per square inch
of pressure with a pressure ring with no sanpling for 30 seconds, followed
by a 5 mnute waiting period to allow blood to perfuse into the sanpling

target site. Bl oofl perf (shiosl ererent s re made with a Modr Laser
Doppl er | mager (Dgvon, i | at ekryatent@ontsl GRdafhdhtng bot i control and
treated |SF sanples. L pirer hﬂﬁg&aﬁspas perf or rAvyerf a 2 square
centinmeter area gentergfodan t6od SHpRAAP! IRerafial@etansi ffag. [0(q1121 | SF
gl ucose nmeasur emeRy §ieue iR RN Mubn ’E\eﬂmﬂjnhééad Onggrouchiinoariblft ra gl ucose
nmeter and test stfhp sygl.gm /mﬁé”p!nnﬁf aggﬁi)l ( -5ﬁ %&%—_was extract ed
fromthe derm s of=tsre=gunrect ) Ly Ay e By o e e duéL%Epos!ted
automatically int Rl erdHit-L on-1 B9 ¢ o5tV ri f20 An udnodi fi ed
OneTouch(r) U trf glucde netbi0-hndl&drip2yst e was yked todet erm ne
whol e bl ood gl ucog® val#dds foiha hel2€8nge26 [00¥131 LA timed in mnutes
and perfusion neafdreneds argildivenRid3A Tallke 1 [for egth subjlect. 29
(00114] TABLE 1 |12 68.4 [223.5 B.27 12 -2 14
13 95.4 295.2 3.09 30 15 15
14 62.0 150.3 2.42 47 12 35
15 51.7 92.8 1.80 50 10 40
16 20.0 80.9 1.01 41 24 17
17 64.6 107.9 1.67 46 12 34
18 101.2 2444 241 50 11 39
19 86.2 142.4 1.65 27 16 11
20 1148 2569 [2.24 142 16 26
21 118.6 198.3 1.67 13 S 8
22 73.2 156.2 [2.13 25 8 17
23 1147 [278.2 [2.43 30 3 22
4 94.4 253.6 [2.69 15 3 7
25 161.2 1482.0 1299 8 -2 10
. 26 58.7 151.7 .59 42 9 33
27 114.6 3633 [3.17 29 8 21
28 56.3 117.0  [2.08 31 10 21
jmean: |86.3 203.9 (2.32 30.3 8.7 21.7
SD: 28.1 97.2 0.6 12.8 6.6 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.
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control treatnent area area treatnent control treatnment mean nean to contro
| SF | SF overall blood bl ood bl ood overall overall |lag Subject perfusion
perfusion perfusion lag lag itigation its units ratio (mn.) (mn.) mn.) 8
97.1 212.9 2.19 30 10 20 9 65.3 170.3 2.61 21 5 16 10 84.0 187.6 2.23 26
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 62.0 150.3 2.42 47 12 35 15 51.7 92.8 1.80 50 10 40 16
80.0 80.9 1.01 41 24 17 17 64.6 107.9 1.67 46 12 34 18 101.2 244.4 2.41 50
11 39 19 86.2 142.4 1.65 27 16 11 20 114.8 256.9 2.24 42 16 26 21 118.6
198.3 1.67 13 58 22 73.2 156.2 2.13 25 8 17 23 114.7 11 278.2 2.43 30 8
22 24 94. 4 26(H16] a. 69Whie ﬁreVérreEBmﬂ:&iﬁm@ntéSﬂth@pﬁés&ﬁ1r&entibn3tﬁve B&no58. 7 151.7
2.59 42 9 33 27 114.6_363.3 3.17 29 21 28 56.3 117.0 2.08 31 10 21
mean: 86. 3 sheyvmand dgscrihed hergin, At will be obv10us to those skilled in the art that such

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

invention.

[00117] 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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SD: 28.1 97.2 0.6 12.8 6.6 9.9 100115] The data in Table 1 show that |SF
glucose lag was mtigated an average of 21.7 mnutes, i.e., froma nean of
30.3 mnutes (12.8 SD) to a nmean of 8.7 mnutes (6.6 SD) by use of the
oscillating pressure ring. This lag mtigation was acconplished by the
application and rel ease of pressure to the subject's skin layer in a nmanner
t hat causWHAINSeCeARVIESNSof | ocal bl ood perfusion in the | SF sanpling areas
by an average of 2.3 tinmes (0.6 SD) relative to control sanpling areas. 30
[00116] While preferred enbodi ments of the present invention have been
shown and descy i beds Bek&h flor dxirabfidd a BRIIRTWI@¥smple ahd@fpitslihg bed in the art
that such enbodi nent's are provided by way of exanple only. Nunerous

vari at i onmalychthegas the systdmsedmsgrising: i ons will now occur to those skilled in
the art without depar.ti nglerom.éhe ig.ve_nti on. [00117] It should be

under st ood that vard GHROSEPIE spritdge Beudifet he enbodi ments of the invention
descri bed herein may be i WGl I {dQAm i's

i ntended that the foll ovfgr?g&fg?ﬁglqnn%dﬁé%%c?‘ﬁ{eeu%gﬁg%gggbg%@?%ie In heé;lti on and

t hat et hibsls a bady whareiatthy ssnplingmeduidmchdepe of these clains and their
equi val ents be covered  thereby. 31 WHAT IS CLAIMED IS:. 1. A system for
extract i rij leastRaginrssspreging adaptsi dorapplyiRgpressureg adiver &ﬁlﬁpjﬂ@ﬂ‘h ein, the
system cq . SILPY: i i I+ i ng. L0 nmodul e
atapt od_roual PEg eI R GRL S SolRE RIS, Bl R ERARAE

rrom-a ere he sanpling

nodul e i nabale s coafigleastictoMer tE PESLIrE rink Mocapaisle e BpflPihg ARPPiEbsIe: Br essure to
a user's skin layer in the vicinity of a target site during extraction of

t he bodi |3n dskillating maanesi and he sanpling nodule is configured such that the

pressure ring is capabl eanogna%ggl 1¥<i)(ﬂﬂe gci]a%té%irtce) Tieasure iatq 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 further includes:
a penetration member configured for penetrating the target site of the
user’s skin layer and, subsequently, residing in the user’s skin layer and extracting an

ISF sample therefrom.

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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an oscillating manner; and an anal ysis nodul e adapted to neasure an anal yte
inthe bodily fluid sanple; and a local controller nodule in electronic
comuni cation with the disposable cartridge, the local controller adapted
to receive neasurenent data from the analysis nodule and store the data. 2.
The system of claim1, wherein sanpling nodule is adapted to extract an
interstitial fluid (I1SF) sanple and to neasure glucose in the | SF sanple. 3.
The system of claim 2, wherein the sanpling nodule further includes: a
penetration nmenber configured for penetrating the target site of the wuser's
skin layer and, subsequently, residing in the user's skin |ayer and

extracting an |ISF samglsgstdod 6f @hivONFurther chBprispigt em of claim 1, wherein the
di sposabl e cartridge and local controller are configured to be worn on the

body. 32 5.3 Emotaseairalisrgodulepdaptad foglechapicallyspmpamicgte vth edacal control | er
nmodul e adapted hQ £lEed ronically comunicate with the local controller
nodul e. 6. e systemof claimb5, wherein the renote controller nodule is
configured to receive a glucose test strip and to neasure gl ucose

concentration of_ a ood sanpl.e plied to th | ucose test. strip. 7. The
systemof claim 65 \Aﬁé’rﬁéﬁﬁeﬂf EECI?'EﬁitWé'?@Bh F G118t 9‘??%83?‘«5“‘?@?3 ddapted to

enpl oy a pr @(ﬂiﬂgﬁ\‘e&ﬁ) REGRS 4 §11E0s¢ RstiN@Farlito heBduRPEluEstcARBntEARBNL r at i on
based on an | SF gl ucose concentration determ ned by the local controller

modul e. 8. Hlked ssmplesgrplied to|thg ghicose gRkestdd-n t he renpte control | er nodul e
enploys an algorithmof the followng form PBGC =f (ISFk, ratej, m"
rate,, interaction terns) where:

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 controller module.

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

an algorithm of the following form:
PBGC = f(ISFX rate;, manrate,’, interaction terms)

where:

PBGC is a predicted blood glucose concentration;
i is an integer of value between O and 3;

/ i, 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
mayraten, 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 member;
a launching mechanism; and

a least one pressure ring.
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PBGC is a predicted bl ood glucose concentration; i is an integer of value
"between 0 and 3; j, n, and in are 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; ratej
is the rate of change between neasured | SF glucose values; and ma. rate, is
‘'t he noving average rate between averages of groupings of |ISF glucose
values. 9. The systemof claim1l, wherein the sanpling nodul e includes: a
penetration nmenber; a | aunching nmechanism and a |east one pressure ring.
33 10. The systemof claim1l, wherein the sanpling nodule is adapted to
provide a continuous flow of extracted bodily fluid sanple to the analysis
nodul e. 11. The 49st effhofysemafriaim 1yWebereinthd damplingspoddbdlsedaged toi dge and

|l ocal controller nmodul e are configyred. for attachnent to.the user's skin
155 An | ot erPERT wpoam TorSE PR POt e SR CUBIPSSIEEME. penet ¢ at 1 on
menber configured for penetrating a target site of a wuser's skin |ayer and,

subsequently, residing in the user's skin layer and extracting an |SF
sanpl e t her ef r omllandThe systemstf claine 1pwheseinithe dispageblecraptidge dnddocappl ying
pressure (0 LIgiSSloafie R/ bRhd¥¥or bibchifid Y4 BEMLY ph the target site while
the penetration nenber is restding 1n e user s skin layer, wherein the

| SF extraction device is configured such that the pressure ring is capable

of applying the pressure in_an_oscillatin nner whereby an | SF gl ucose | ag
of the ISF sanpl é2-ext#ad@t@atltwﬂt*#@%éﬁ@f%ﬂﬁ?ﬂ"&){%%@?ﬂ% mtigated. 13. The

| SF extraction devi ce, gnefrhiftinThelsber Wiiphied férfRndtrafinE X tar @6 bitcdY 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 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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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 renoved for a tine 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 | SF extraction device of claim12
further conprising: at |east one first biasing nmenber configured for noving
the pressure ring between a deployed state and a retracted state; and a
second bi asi ng nenber configured for |aunching the penetration nmenber. 15.
The | SF extracti ol dePhedSF ektrstiah devics ofwliih &2 Nwiiehen prRAClcaBbhOpresitber i S
configured to reside_in the user's skin layer for a period of at least 1
hour. 34 16IngHe RMgpliof Pesiyrorn@fevi ce of claim 12, wherein the at |east one
pressure ring is a plurality of pressure rings. 17. The | SF extraction
device of claim 16, wherein the pressure rings are arranged concentrically.
18. The | SF extr &tt i orhed8lextwactipn deacennf tiym Whevteren the pressessugsars i ng and
the first biasing elqunglare configured to apply a pressure in the range of
0.1 to 150 *PEERASIEI"Gdare inch to a user's skin layer. 19. A nethod for
extracting interstitial fluid (I1SF), the nethod conprising: providing an

| SF fluid extraction device that includes. a Eenetration menber and at | east

one pressure ringp coredel prgctine dpriess gladm A 2 whegin the prossee g andi n | ayer;
penetrating ' I it At I d
extracting g%qﬁggaggﬁgFgﬁ??%%?¥ﬁ3m§%%P?%hgipﬁaﬁggg?kﬁ?? thgt%éﬂgtration
menber whi | @owplp pgri squarpimek saiz wset’s skihdayeser ' s skin |layer in an oscillating
manner using the pressure ring such that an | SF glucose lag of the ISF
sanpl e extracted by the penetration nenber is mtigated.

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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20. The nethod of claim 19, wherein the providing step includes providing
an | SF fluid extraction device that includes a plurality of pressure rings.
21. The nmethod of claim 20, wherein the providing step includes providing
an | SF 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 atine period in the range of three seconds to three hours, the
pressure i s subsequently renoved for a tine period in the range of three
seconds to three hours and then the pressure is re- applied for a period in
t he range three 8&conte hahddufetinaly sherdb tiExtrdhimg sep hethdes apdlgngn 22,
g@g{ﬁ:gt}ggp%%%%gﬁﬁ&n stggchaﬁh%gg%mgggﬁylng pressure in an asynmetric
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